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An  Extraordinar\'  General  Meeting  01  the  Iiist'tntion 
held,  in  association  with  the  Amerjcan  Instituto  ot 
Ektctrical  Engineers,  at  0,30  a.m.  on  Thursday,  Ani:just 
itith,  IQOO,  in  the  United  States  Nation;! ":  P-avil^on  in  the 
Parih  Exhibition,  Professor  lohn  Perrv,  President  ol  thi* 
Institution  of  Elesicical  Erujineers,  and  Mr.  Carl  Herini^, 
President  of  the  American  lirstitute  of  Kleotncul  Hni^in^vi-s, 
presiding. 

Mr.  Carl  Herixg  :  It  gix'es  nu  ^Ljreat  pleasure  to  o{Xmi 
tJus  meeting,  the  first  one  held  jointly  by  th<^  Institution 
of  Electrical  Engineers  and  the  American  Institute  of  Elec- 
trical Enijineers, 

Such  international  mcetini^s  between  s<xneties  whose 
aims  are  alike  but  whose  suiTOiindings  are  different,  cannot 
fail  to  be  of  interest  and  benefit  to  all  who  take  part,  and  to 
draw  closer  together  the  different  nations  that  participate, 
thus  strengthening  the  tics  which  bind  together  tlie  ele<.  tncal 
engineers  of  different  countries. 

The  pjTomising  success  of  the  present  sesM\>a  jijivo*^  tis 
reason  to  ho}>c  that  it  will  soon  <>e  followwi  by  t>tlHn 
similar  international  meetings  of  electrical  engiiuxis. 

In  behalf  of  the  meml>ei"s  of  the  American  Institute  of 

Electrical   Engineers,  I  wish  to  thank  you,  Mr.   l^xsidenl 

and   members  of  the  Institution  of   Kleetneal   Kn^inwrs, 

for   the  great  pleasui*c  you  have  given   us   by  joining  \ts 

in    this   international  gathering.      It  was  quite   a  wnlme 

for    us  to  hold  a  meeting  so  far  away  from    home  ;   in 

fact,    when    I   first  suggested  it  some  years  ag\)   the  piiv 

position  met  with  some  ridicule  by  mcmberH  of  our  board 

of    managers.     When  wc  found,  however,  thai  om    older 

and   larger  sister  society  in  England  joined  us  «^o  hejutily 

ill  our  proposition,  the  success  of  our  venture  was  at  once 

vol*-     3tXX.  1 
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assured.  1  feel  sure  that  those  of  our  members  who  are 
present,  and  many  who  are  not,  hope  that  this,  our  first 
joint  meeting,  will  be  the  beginning  of  a  series  of  similar 
meetings  of  our  sister  societies,  and  that  the  next  one  will 
be  in  the  home  of  our  Institute. 

(Mr.  Hering  then  made  a  few  remarks  in  French  and  in 
German,  welcoming  the  guests  from  other  foreign  countries, 
and  expressing  the  hope  that  the  electrical  societies  of  the 
leading  countries  will  join  in  holding  similar  meetings,  the 
next  of  which  he  hoped  would  be  in  the  United  States.) 

In  accordance  with  the  arrangements  of  our  joint  Com- 
mittee, there  will  be  two  presiding  officers.  Professor  Perry, 
as  the  senior  officer,  will  conduct  the  affairs  of  the  meeting, 
and  will  now  address  you. 

Professor  PEKRY,  F.R.S. :  After  a  very  few  words  from 
me  we  shall  commence  the  discussion.  I  can  only  say  to 
the  Americans  who  are  now  our  hosts  in  this  building  that 
their  visit  to  England  gave  us  very  great  happiness  indeed 
for  four  days.  I  think  that  every  Englishman  who  joined 
in  the  parties  feels  that  it  did  really  give  us  -more  pleasure 
than  it  was  possible  for  our  guests  to  experience. 

There  are  no  minutes  to  be  read  at  the  beginning  of  this 
meeting  because  there  h;ive  been  no  such  meetings  in  (hi.* 
past,  but  minutes  are  being  prepared  of  this  discussion,  and 
let  us  hope  that  they  will  be  read  on  a  future  occasion.  In 
the  name  of  the  two  Institutions  of  Electrical  Engineere,  we 
welcome  you,  ladies  and  gentlemen,  to  this  meeting. 

I  will  now  ask  M.  Mascart  to  say  a  few  words. 

M.  E.  Mascart  :  Je  dois  d'abord  adresser  a  la  SocieltS 
des  ingenieurs  ^lectriciens  de  Londres  mes  tr^s  vifs  remerci- 
ments  pour  I'honneur  tout  a  fait  exceptionel  qu'elle  a  bien 
voulu  me  faire  en  me  nomuiant  vice  president :  j'ai  etC- 
extremement  louche  de  cette  marque  particulidre  d'estinie, 
et  j'ajouterai  d'afiection,  de  la  part  des  membres  de  cefle 
soci6t6. 

On  a  6mis  tout-a-l'heure  la  pens^e  qu'il  serait  tres  utile 
■te  rendre  plus  frfiquentes  les    ^-unions  analogues  a  celle  ci, 

BBt-n-HirP      Hps    r/inninno      <,     ,i   ^„(      J^s      membrCS     deS 

s  importantes;  vous 
et  nous  voos  reine''" 
es  des  deux  granges 
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nous  conviez  a  aller  aux  Etats  Unis;  je  vous  assure 

rait  pour  moi  un  trfes  grand  plaisir,  parceque  j'ai 

un  souvenir  charmant  du  voyage  que  j'y  ai  fait  il 

ues  annees,  mais  je  commence  a  etre  de  ceux  qui 

ent  plus  beaucoup.     J'espfere,  n^anmoins,  que  les 

de  la  soci6t6  des  61ectriciens,  qui  se  sont   deja 

p6s  de   cette   question,   r6pondront  a  votre  appel 

bientot,  vous  pourrez  tenir  en  Am^rique,  a  Phila- 

par  exemple,  une  reunion  des  societ6s  des  61ectri- 

'Am6rique,  d'Angleterre,  de  France  et  d'Allemagne 

pter  les  autres  pays. 

si  je  ne  puis  pas  etre  des  votres  dans  cette  circons- 
y*  §e  vous  accorapagnerai,  cependant,  de  mes  voeux  les 

ceres  pour  le  succfes  de  votre  reunion, 
ntenant;  au  nom  des  61ectriciens  frangais,  au  nom  de 
^  B^t6  des  electriciens,  je  vous  remercie  de  nouveau  et 

^  Jbrdialement  d'avoir  choisi  la  ville  de  Paris  pour  y  tenir 

*^  seance  de  vos  soci6t6s  associees.     Je  remercie,  en  par- 

"  per,  nos  deux  honorables  presidents  qui  ont  eu  I'initia- 

"  ,  feconde  de  cette  reunion  extra-territoriale. 

^         /professor  J.  Perry  :  I  will  ask  Mr.  Ferranti  to  open  the 
icussion. 

CUSSION  OK  THE  RELATIVE  ADVANTAGES  OF  ALTER-      \y 
XATING  AND  CONTINUOUS  CURRENT  FOR  A  GENERAL 
SUPPLY  OF  ELECTRICITY,  ESPECIALLY  WITH  REGARD 
TO  INTERFERENCE  WITH  OTHER  INTERESTS. 

Mr.  S.  Z.  DE  Ferranti  :  I  am  indeed  greatly  honoured  by  being  Mr. 
lowed  to  open  the  discussion  at  this  most  fortunate  meeting.  I  ^*^"***'- 
ly  most  fortunate,  because  you  will  all  agree  with  me  that  nothing 
could  be  better  than  that  the  American  and  English  Associations 
of  Electrical  Engineers  should  have  a  joint  meeting.  There  is  only 
one  thing  in  my  mind  which  is  perhaps  better,  and  that  is  that  we 
should  be  holding  this  meeting  in  Paris,  and  thus  show  what  a  great 
tie  really  unites  us  all,  and  how  much  more  friendly  our  feelings  really 
are  than  is  often  supposed.  The  subject  for  this  discussion  was  left 
for  the  English  Institution  to  select,  and  I  can  assure  you,  gentlemen, 
that  it  was  a  matter  of  no  little  difficulty  to  decide  upon  what  we  should 
dibcuss.  The  subject  which  has  been  chosen  you  may  at  first  think  is 
simply  a  revival  of  the  old  contention  between  alternating  and  con- 
tinuous current.  I  hope,  however,  that  it  is  no  such  thing.  Matters 
have  greatly  changed  since  the  early  days  when  the  advocates  of  each 
of  the  two  systems  were,  I  may  almost  say,  bitter  enemies,  and  when 
they  thought  that  everything  that  was  done  by  the  other  side  was 
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FCTranti  wfongly  done.  We  have  all  found  that  that  is  not  so,  and  that  there 
are  great  merits  in  the  particular  uses  of  both  systems.  But,  as  I  have 
said,  things  have  changed,  and  they  have  not  changed  yet  as  much  as 
they  are  going  to  change  in  the  future.  The  question  that  we  have  to 
deal  with  must  be  considered  in  the  light  of  what  electricity  will  be 
ten',  fifteen,  or  twenty  years  hence.  You  have  seen  how  the  industry 
has  grown  ;  you  know,  by  being  members  of  the  electrical  profession, 
how  much  it  has  done  up  to  now.  I  think  few  of  us,  although  it  is  our 
life's  work,  realise  what  electricity  is  going  to  grow  to,  and  how  impor- 
tant and  universal  a  part  it  is  going  to  play.  It  is,  however,  in  this 
light  that  we  must  consider  what  are  the  best  lines  to  be  worked  upon. 
It  is  no  longer  the  small  isolated  systems  which  could  be  worked  on 
one  plan  or  another  according  to  convenience ;  that  we  have  to  deal 
with,  but  it  is  the  question  of  transmitting  and  using  big  powers  all 
over  large  areas.  Now,  with  regard  to  the  advisability  or  desirability 
of  one  system,  the  continuous  as  against  the  alternating  current  :  many 
of  you  know  that  I  have  consistently  worked  with  alternating  currcnt^, 
and  you  will  therefore  appreciate  that  my  knowledge  of  the  <^her 
subject  is  not  what  it  should  be  as  compared  with  that  of  those  who 
have  worked  more  exclusively  in  that  direction.  I,  however,  desire  to 
dissociate  what  I  have  done  from  what  I  am  going  to  say,  and  rather 
than  give  so  much  my  own  opinion,  I  shall  suggest  a  few  points  to  you 
bearing  upon  what  the  general  opinion  is  on  this  subject,  as  I  consider 
it  most  important. 

Looked  at  from  the  new  point  of  view,  this  is  what  presents  itself : 
Which  will  be  the  possible  system  in  the  future  ?  I  say  "  possible " 
because  many  of  us  have  had  very  serious  experiences  of  the  electro- 
lytic effects  which  arc  produced  to  such  a  large  extent  by  the  continuous 
current.  What  I  am  wondering  is  this  :  If  this  system  is  developed  and 
extended  to  a  very  large  extent,  will  it  be  possible  satisfactorily  to  pre- 
serve any  metal  work  in  the  earth  at  all  ?  We  have  not  only  got  to  deal 
with  the  lead  coverings  of  electric  cables,  but  we  have  also  any  amount 
of  structural  ironwork — water  mains,  railway  rails,  gas  pipes,  water  pipes, 
and  all  sorts  of  things — the  quantity  of  which  is  increasing  every  day  in 
our  streets  all  over  the  country.  The  amount  of  property  invested 
underground  in  one  or  other  of  these  forms  is  reaching  a  very  great 
figure ;  and  it  becomes  a  serious  question  for  us,  not  so  much  in  the 
light  of  to-day,  but  in  the  light  of  the  future,  when  immense  develop- 
ments will  have  taken  place,  to  know  on  what  lines  we  should  go,  and 
how  best  to  protect  this  immense  property,  which  may  be  injured  by  the 
otherwise  beneficial  work  which  we  are  doing.  Of  course  alternating 
currents  are  not  quite  free  from  the  liability  to  produce  some  harm,  but 
what  little  harm  they  can  do  is  not  of  commercial  importance.  Therefore 
I  consider  it  will  want  our  most  careful  thought  and  work  and  investiga- 
tion to  find  out  really  how  we  can  diminish  these  electrolytic  troubles,  due 
to  continuous  currents,  or  whether  it  will  not  be  necessary  to  substitute 
alternating  current,  which  produces  but  slight  detrimental  effects,  and 
see  bow  to  overcome  what  disadvantages  are  now  left  to  it.  I  hope 
that  a  great  many  of  you  gentlemen  present  will  give  us  valuable  infor- 
mation on  this  subject,  and,  after  you  have  left  this  meeting,  having 
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heard  the  discussions  which  have  taken  place,  that  during  the  next  few 
years  youviill  give  the  matter  your  careful  consideration,  and  then  con- 
tribute your  views  through  the  electrical  press,  or  by  another  such 
meeting  as  this,  to  the  electrical  profession  at  large. 

Again,  gentlemen,  I  must  thank  you  for  having  been  allowed  to  open 
this  discussion.  I  hope  it  will  be  a  full  discussion  and  that  what  I  have 
said  may  stimulate  discussion  and  lead  to  careful  consideration  of  the 
subject  which  will  prove  beneficial  to  the  electrical  industry  in  the 
years  to  come. 

Mr.  Biox  J.  Arnold  :  I  wish  to  express  my  appreciation  of  the 
honour  conferred  upon  me  by  being  permitted,  in  this  discussion,  to 
follow  so  distinguished  a  worker  in  the  electrical  field  as  Mr.  Ferranti. 
I  difi  not  know  about  my  colleagues'  intentions  of  calling  on  me  this 
morning  until  late  last  evening,  otherwise  I  would  have  taken  time  to 
prepare  my  remarks.  We  have  all  heard  that  the  man  who  dares  to 
assert  that  "  electricity  is  in  its  infancy  "  is  liable  to  annihilation  on  the 
spot ;  but  after  Mr.  Ferranti's  remarks  I  fancy  we  may  be  consideredi 
for  the  moment  at  least,  to  be  on  the  threshold  after  all. 

I  think  it  may  bring  out  the  discussion  of  this  subject  between  the 
different  countries,  here  represented,  more  thoroughly  if  I  outline 
briefly  the  practice  in  the  country  which  I  come  from,  viz.,  the  United 
States  of  America.  For  lighting  work  we  started  in  our  large  cities 
with  the  direct  current  system  as  advocated  by  Mr.  Edison.  By  the 
way,  I  once  saw  a  letter  from  Mr.  Edison,  written  some  ten  years  ago, 
m  response  to  an  inquiry  addressed  to  him  asking  his  views  on  the 
relative  advantages  and  disadvantages  of  the  alternating  and  direct 
current.  His  letter  intimated  that  he  thought  the  alternating  current 
was  of  Satanic  origin,  that  it  was  a  delusion  and  a  snare,  and  that  no 
good  could  come  out  of  it.  Mr.  Ferranti  has  proven  that  the  contrary 
is  the  case,  and  judging  from  his  remarks  and  the  work  of  many  others 
it  seems  as  though  the  ideas  of  his  Satanic  Majesty  may  yet  prevail. 

Returning  to  our  subject,  we  started  in  our  large  cities  with  the  direct 
current  system  and  in  our  smaller  cities  with  the  alternating  system. 
To-day  the  direct  current  seems  to  have  not  only  held  its  own  in  our 
large  cities,  but,  in  addition,  is  replacing  the  alternating  system  in  some 
cases,  although  the  alternating  system  holds  its  place  for  smaller  cities 
covering  widely  distributed  districts  and  for  transmission  to  the  out- 
lying districts  of  our  larger  cities.  In  the  City  of  Providence,  Rhode 
Island,  one  of  the  first  and  leading  cities  in  the  electric  lighting  indus- 
try, the  alternating  apparatus  originally  installed  has  been  entirely 
thrown  out,  in  the  underground  districts,  and  replaced  with  a  direct 
current  system  of  supply,  delivering  energy  on  a  three-wire  480-240 
volt  system.  The  same  thing  is  taking  place  in  the  City  of  Saint  Louis. 
Mo.,  although  at  this  point  they  have  not  abandoned  the  use  of  the 
alternating  apparatus,  but  a  competing  company  has  installed  a  direct 
current  system  on  the  480-240  volt  three-wire  system,  which  company 
has  largely  taken  the  business  of  the  alternating  company  within  the 
district  it  reaches,  and  the  net  earnings  and  operation  of  the  direct 
current  company  have  been  very  satisfactory.  I  mention  these  two 
important    installations  to   emphasise   my  statement  that  the  direct 
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current  is  holding  its  own  in  our  larger  cities.  I  believe  the  alter- 
nating current  will  hold  its  prestige  in  our  smaller  cities  and  in^he 
outlying  districts  of  our  larger  cities. 

In  answer  to  Mr.  Ferranti's  advocation  of  the  alternating  current  for 
lighting  work  in  large  cities,  I  will  say  that  there  are  no  means,  so  far  as 
I  know,  for  equalising  the  load  upon  the  power  station  when  the  alter- 
nating current  is  used,  thus  losing  the  advantages  gained  in  direct 
current  work  when  using  storage  batteries.  The  installation  in  the 
latter  case  would  require  less  investment  than  would  be  necessarA' 
if  the  alternating  current  were  used,  assuming  a  reasonable  area 
over  which  the  energy  is  to  be  distributed. 

Coming  now  to  railroad  work,  we  started  with  a  500-volt  direct 
current  system,  and  gradually  increased  to  600  and  700  volts,  .and 
are  now  utilising  the  latter  on  the  sections  of  the  roads  contiguous 
to  the  power  houses,  and  driving  our  more  distant  sections  with 
three-phase  25  or  30  cycle  alternating  current.  I  believe  this  will  be 
modified,  and  that  the  alternating  current  will  ultimately  predominate 
in  railway  work.  I  believe  that  we  shall  soon  eliminate  entirely  the 
sub-station,  the  rotary  converter,  and  possibly  the  static  transformers 
at  the  power  house.  We  shall  at  least  eliminate  the  sub-stations. 
Mr.  Ferranti  is  no  doubt  working  on  this  theory,  and  so  also  are  others, 
in  the  respective  countries  here  represented,  including  some  from 
the  United  States.  Some  of  us  feel  that  there  is  a  fair  hope  for 
success.  It  may,  of  course,  be  slow  in  coming,  but  that  it  will  come 
I  have  no  doubt.  There  are  two  main  difficulties  at  present  in  the 
way  of  a  complete  and  successful  alternating  current  railroad  system. 
The  first  is  the  lack  of  a  practical  method  of  starting  and  controlling 
the  speed  of  an  alternating  motor  without  excessive  consumption  of 
energy.  The  second  is  the  one  pointed  out  by  me  when  referring 
to  lighting  work,  viz.,  the  lack  of  a  load  equaliser  corresponding  to 
a  battery  in  direct  current  work.  Some  of  us  are  hoping  for  and 
endeavouring  to  develop  a  system  by  means  of  which  we  will 
utilise  or  have  the  advantages  of  an  equalising  reservoir  as  it  were, 
thereby  taking  the  place  of  the  storage  battery  in  direct  current 
railway  work.  I  believe  this  is  coming,  and  if  it  is  successful  we 
shall  have  an  ideal  system  for  long-distance  railway  work,  utilising  all 
the  advantages  of  the  alternating  current  for  transmission  and  the 
advantages  of  the  equalised  load  factor  for  economy,  and  we  shall 
not  have  the  disadvantages  of  the  sub-station  and  its  corresponding 
maintenance  and  labour  expense. 

I  do  not  know  that  I  can  add  anything  more  to  the  discussion,  but 
if  I  have  succeeded  in  pointing  out,  in  a  general  way,  the  lines  upon 
which  the  engineers  of  our  country,  and  possibly  of  others,  are  working 
in  the  lighting  and  railway  fields,  it  is  all  I  can  reasonably  hope  to  do  in 
the  time  allotted  to  me.  If  any  further  information  is  desired  regarding 
the  details  of  the  work  to  which  I  have  alluded,  I  will,  if  the  questions 
are  asked,  give  such  information  as  I  can  cojisistently  at  the  present 
time. 

Sir  William  Preece  :  I  feel  somewhat  in  the  same  position  as  the 
blank  leaf  between  the  Old  and  the  New  Testament.    I  am  here  as  a  past 
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President  of  the  British  Institution  of  Electrical  Engineers,  but  I  am  f^^J^]"^^"' 
also  an  Honorary  Member  of  the  Institute  of  Electrical  Engineers  of 
America.  I  therefore  speak  in  the  blank-page  capacity.  I  also  hold 
the  position  of  never  having  compromised  myself  by  associating  myself 
either  with  the  direct  current  or  with  the  alternating  current  system. 
I  have  used  both  when  I  thought  either  was  right  I  believe  there  are 
circumstances  in  which  the  one  is  essential,  and  under  different  circum- 
stances, where  the  other  properly  comes  in. 

Now,  we  want  to  consider  the  subject  before  us  from  different  points 
of  view.  We  have  to  consider  generation,  we  have  to  consider  the 
distribution  of  our  currents,  and  we  have  to  consider  the  transmission  of 
these  currents  to  great  distances.  In  the  first  place  we  have  to  deal 
with  the  generation  of  our  currents,  and  there  we  start  exactly  from 
the  same  point,  for  we  must  all  remember  that  an  ordinary  dynamo 
is  nothing  more  nor  less  than  a  simple  alternator.  So  we  start  from 
the  same  basis. 

Mr.  Ferranti  commenced  his  remarks  by  referring  to  some  of  the 
disturbances.  He  dealt  with  the  electrolytic  effect  upon  pipes  and 
metallic  coatings.  There  is  another  serious  disturbance  that  has  caused 
inany  of  us  anxious  moments,  and  that  is  the  disturbance  produced  by 
alternating  currents  upon  telephones.  I  have  always  said  that  the  tele- 
phone is  perfectly  competent  to  take  care  of  itself.  The  alternating 
current  engineer  need  not  worry  himself  about  telephones.  The  tele- 
phone is  never  complete  until  it  has  worked  on  metallic  circuit,  and 
when  that  metallic  circuit  is  tested  and  properly  maintained,  no  alter- 
nating currents,  whatever  their  frequency,  whatever  their  strength  may 
be,  can  possibly  affect  telephones.  There  is  another  serious  difficulty 
that  we  have  met  with  in  our  practice,  and  that  is  disturbances  to  rail- 
way signals.  Although  under  ordinary  normal  conditions  alternating 
currents  cannot  affect  the  railway  signals,  there  may  be  sudden  rushes 
to  earth  due  to  those  strange  effects  that  were  once  called,  and  rightly 
called,  Ferranti  effects,  certain  sudden  effects  of  momentum  in  alterna- 
ting circuits  which  raise  the  voltage  so  that  the  insulation  is  pierced 
by  great  surgings  of  current.  Such  things  have  produced,  and  will 
produce,  false  signals  on  our  block  system  unless  some  step  is  taken 
to  prevent  them. 

The  rest  of  the  disturbances  are  comparatively  trifling  in  their 
frequency  ;  but  they  have  been  serious  in  their  consequences.  There 
are  the  fires  that  have  been  caused  by  some  of  these  surging  effects  to 
which  I  have  alluded.  Now,  in  determining  the  necessity  for  the  use 
of  either  system,  we  have  not  only  to  consider  what  I  have  said,  but 
we  have  to  consider  the  use  to  which  it  is  placed.  There  is  first 
electric  lighting,  next  motive  power,  thirdly  traction,  and  fourthly 
the  transmission  of  power  to  a  distance.  I  do  not  think  there  is  a 
single  man  in  this  room  who  would  not  agree  that  the  only  practical 
and  the  only  possible  way  to  transmit  energy  to  a  great  distance  is  now 
the  triphase  alternating  current  system.  No  high  pressure  continuous 
machine  has  yet  been  constructed  which  could  possibly  do  whart  is 
being  done  between  Niagara  and  Buffalo  and  in  California  and  in 
Switzerland.  There  can  be  no  question  that  for  transmission  the 
alternating  currents  must  be  considered  pre-eminent. 


SirWilUrm 
Preecc. 
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As  regards  motive  power,  we  come  to  quite  another  question.  There 
is  no  doubt  at  the  present  moment  that  the  triphase  motor  is  as  good 
as,  if  not  better  than,  the  continuous  current  motor  under  some  cir- 
cumstances. Mr.  Arnold  referred  to  the  fact  that  in  his  country  the 
continuous  current  was  holding  its  own  and  displacing  the  alternating 
current.  Here  in  France — I  forget  where  at  the  present  moment — 
there  is  an  illustration,  where  continuous  current  machines  have  been 
removed,  and  replaced  by  triphase,  in  consequence  of  the  superiority 
of  the  triphase  over  the  alternating  current.  So  wc  have  this  curious 
see-saw  going  on  ;  at  this  side  of  the  water  the  triphase  supplanting 
the  continuous  current,  on  the  other  side  the  continuous  current  sup- 
planting the  triphase.  The  moral  is,  that  each  in  its  own  sphere  is 
good,  and  as  both  are  used  there  can  be  no  serious  defects  in  either 
the  one  or  the  other. 

One  of  the  most  important  questions  which  has  not  been  raised,  and 
vvhicli  I  should  wish  to  raise,  is  that  relating  to  the  necessity  of 
standardising  the  frequency.  I  cannot  perhaps  remember  all  the 
cases,  but  we  commence  with  Niagara.  There  the  frequency  is  25. 
There  is  another  large  installation  where  it  is  45.  In  many  places 
in  England — and  Mr.  Ferranti  himself  has  started  one  in  the  south 
of  London — the  frequency  is  50.  At  Deptford,  in  an  installation 
which  he  originated,  the  number  is  now  67.  We  come  to  the  City  of 
London,  where  I  think  it  is  97  or  probably  100.  In  our  first  alternating 
current  systems  in  London  we  started  at  Sardinia  Street  with  130. 
Now  we  find  that  the  frequency  is  varying  in  different  parts  of  the 
world  from  25  to  130,  and  that  shows  that  there  is  something  wrong 
somewhere.  I  believe  I  am  right  in  saying  that  the  American  Engi- 
neers would  have  the  standard  for  motive  power  25,  for  ordinary 
distribution  50,  and  for  house  distribution  where  each  house  has  its 
separate  transformers,  100.  I  think  that  is  so,  but  I  have  no  notes 
by  me  to  refer  to.  Anyway,  I  want  to  point  out  that  if  this  joint 
meeting  can  possibly  do  any  good  it  will  first  allay  the  impression 
that  there  is  any  difference  among  engineers  as  to  the  relative 
superiority  of  alternating  and  direct  current  systems ;  and  secondly 
that  now  at  this  joint  meeting  we  might  determine  a  standard  fre- 
quency that  shall  apply  to  various  cases. 

I  have  only  one  more  point  to  make.  That  is  to  call  attention  to  one 
line  of  progress  along  which  we  are  working  in  England.  I  refer  to 
the  distribution  of  these  triphase  currents  at  high  pressures  to  great 
distances  by  means  of  underground  cables.  Nearly  all  the  experience 
in  America  is  with  overhead  wires.  The  longest  underground  system 
which  I  know  is  the  one  established  by  Mr.  Ferranti  between  Deptford 
and  Trafalgar  Square.  This  is  nearly  eight  miles  long.  But  under- 
ground mains  to  conduct  high  pressure  triphase  currents  will  be  laid  to 
a  very  large  extent,  and  those  engineers  who  will  have  the  designing  and 
manipulation  of  these  must  find  out  and  learn  all  they  can  of  the  effects 
of  capacity,  for  in  all  I  have  read  and  all  I  have  seen  that  capacity  is 
practically  ignored.  Everybody  considers  induction,  which  is  small 
^  its  effects  compared   with    capacity.     I  anticipate,  when  we   get 

<5  lines  of  twenty  or  thirty  miles  transmitting  triphase  currents  at 
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10,000  volts,  great  difficulties  will  be  experienced  in  effects  due  to  I'r^eSI"'^ 
capacity. 

Dr.  A.  E.  Kexxelly  :  The  occasion  which  presents  itself  to-day  for  the  ^J;^^^,,^. 
discussion  of  this  subject  is,  as  we  have  just  heard  from  Sir  William 
Preece,  a  most  fortunate  one,  namely,  for  the  expression  of  opinion  as 
to  the  best  frequency  which  can  be  adopted  for  alternating  current 
SN-stems  as  well  as  for  the  cure  or  dispersal  of  some  of  the  mists  which 
still  hang  over  the  precincts  of  the  fields  of  alternating  current  and 
direct  current  supply.  I  think  we  are  generally  agreed,  not  only  in 
America  but  also,  I  think,  here  and  in  Europe  as  a  whole,  that  where 
you  have  a  densely  crowded  area  to  be  lit  by  incandescent  lights  or 
arc  lights  you  cannot  do  better  than  supply  that  area  with  direct  current 
at  the  pressure  at  which  it  is  to  be  operated  ;  and  if  the  area  is 
narrow  and  constricted  you  need  not  exceed  the  pressure  of  a  single 
incandescent  lamp,  or  say  about  100  volts.  But  as  the  area 
extends,  the  quantity  of  copper  you  put  down  becomes  so  large  an 
item  of  the  capitalisation,  that  you  must  employ  a  greater  pressure,  say 
240  or  250  volts,  over  a  distance  up  to  half  a  mile  or  a  mile.  When  you 
come  to  a  greater  radius  of  transmission  in  your  dense  area  you  must 
employ  500  volts,  and  finally  there  arises  a  limit  beyond  which  it  becomes 
uncommercial  to  supply  the  direct  current  for  the  direct  application 
and  you  must  introduce  a  higher  pressure.  To  introduce  this  higher 
pressure  you  must  resort  to  alternating  currents,  and  so  in  many  of  the 
large  cities  of  America  you  will  find  that  the  heart  of  the  city  is  supplied 
by  a  direct-current  system  on  the  three-wire  plan,  and  then  the  outlying 
regions  of  that  same  system  ju-e  supplied  through  the  medium  of  alter- 
nating currents  at  higher  pressures.  The  pressure  increases  as  the 
distance  of  transmission  increases.  We  are  all  agreed  that  when  the 
distance  of  transmission  is  considerable  you  must  employ  the  alternating 
current.  On  that  ground  we  all  stand.  Thus  when  you  have  to  supply 
electric  traction  systems  at  a  distance,  you  inevitably  employ  the  alter- 
nating current,  and  then  you  resort  at  the  distant  end,  at  least  in 
America,  to  the  direct-current  supply  through  the  medium  of  converters. 
The  connection  together  of  those  two  systems,  is  accomplished  with 
difficulty  as  well  as  at  considerable  expense.  There  is  a  set  of  trans- 
formers to  reduce  the  pressure,  and  then  there  is  rotating  machinery 
required  to  supply  the  direct  current.  This  condition  of  affairs  is  so 
anomalous  and  inconsistent  with  the  otherwise  great  simplicity  of  elec- 
tric current  supply,  that  it  is  difficult  to  understand  how  so  remarkable 
a  combination  arose.  I  think  it  may  be  claimed  to  be  due  to  the  fact 
that  the  electric  motor  for  tramways  came  into  existence  gradually  and 
developed  as  part  of  a  direct-current  system,  and  that  up  to  the  present 
time  the  standard  traction  systems  of  America  have  been  all  direct-current 
5>*stems.  The  difficulty  of  supplying  all  the  apparatus  needed  upon 
an  alternating-current  basis,  even  supposing  there  were  no  objections 
and  difficulties  to  be  met  with  in  the  alternating-current  motor,  have 
constituted  reasons  sufficient  to  account  for  the  anomalous  condition  of 
affairs.  If,  however,  in  the  future  the  difficulties  which  remain  in  the 
way  of  introducing  induction-motor  street-cars  can  be  cleared  away,  we 
may  expect,  as  I  think  Mr.  Arnold  intimated,  that  this  condition  will  be 
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Kcnneiiy.  eliminated,  and  we  shall  have  nothing  more  than  a  plain  alternating- 
current  system  from  beginning  to  end.  The  only  considerable  dis- 
advantage would  lie  in  the  difficulty  in  maintaining  a  steady  distribution 
of  pressure.  The  difficulty  which  is  encountered  in  the  matter  of  the 
distribution  of  direct  currents  on  electric  railroad  systems  supplied  from 
a  distance  is,  as  we  know,  the  electrolytic  difficulty.  There  has  been 
much  trouble  in  America  on  this  account.  Many  pipes  have  been 
destroyed  and  others  have  been  much  damaged  by  this  means.  But 
that  difficulty  is  giving  way  to  careful  and  deliberate  engineering,  and 
it  is  a  much  less  serious  difficulty  at  the  present  time  than  in  the  past, 
because  engineers  know  better  now  what  to  do.  The  damage  has 
occurred  not  so  much  to  large  mains  as  to  service  pipes  crossing  the 
streets,  and  also  to  telephone  cables  where  the  metallic  sheathing  is 
continuous.  By  careful  attention  to  these  conditions,  by  studying  the 
outlines  of  the  system  carefully,  this  electrolytic  difficulty  Jias  been,  and 
can  be  in  the  future,  largely  eliminated  in  maintaining  a  difference  of 
potential  between  pipes  and  tracks  not  exceeding  one  volt  within  the 
danger  area,  by  putting  down  a  sufficient  amount  of  ground-return 
copper,  and  by  carefully  bonding  the  tracks.  This  danger  from  the 
electrolytic  action  resulting  in  corrosion  can  be  largely  eliminated,  and 
we  may  expect  by  engineering  skill  that  this  trouble  will  be  almost 
entirely  overcome. 

One  disadvantage,  however,  which  has  not  been  pointed  out  by 
preceding  speakers  in  the  direction  of  alternating  current  traction 
consists,  I  think,  in  the  increased  hazard  from  shock  and  increased 
danger  to  life  and  person.  An  accidental  shock  from  500  volts  of 
direct  current  is  not,  as  a  rule,  a  serious  thing.  There  are  cases  on 
record,  I  believe,  where  it  has  proved  fatal,  but  they  are  certainly  very 
rare,  and  the  number  of  shocks  which  are  accidentally  encountered 
from  day  to  day  over  a  large  number  of  traction  systems  is  considerable. 
If,  on  the  other  hand,  you  employ  500  volts  of  alternating  current  and 
get  an  accidental  shock  from  that,  the  shock  may  be  much  more  severe 
because  it  would  seem  from  recent  experimental  researches  that  the 
danger  from  shock  is  the  danger  of  disorganising  the  action  of  the  heart. 
The  danger  in  a  shock  from  the  direct  current  is  in  the  first  impulse, 
and  may  be  recovered  from  ; "  whereas  with  the  alternating  current  you 
get  a  succession  of  shocks  which  may  be  sufficient  to  disorganise  the 
heart  beyond  all  chance  of  restoration. 

There  are,  of  course,  other  outstanding  difficulties  with  alternating 
current  transmission  on  railroads,  but  they  are  all  seemingly  of  minor 
consequence.  There  is,  for  instance,  the  disturbance  affecting  the 
magnetic  needle  in  general  and  those  of  a  magnetic  obser- 
vatory in  particular.  But  it  seems  to  me  that  the  worst 
that  can  happen  in  that  case  is  the  banishment  of  the  magnetic 
observatory  from  the  vicinity  of  civilised  communities  to  the  more 
desert  regions  of  the  earth.  While  that  may  be  a  misfortune  and  an 
expense  in  particular  cases,  yet  the  aggregate  advantage  to  the  entire 
community  of  giving  a  traction  svstem  on  the  one  hand,  and  removing 
an  observatory  on  the  other,  does  not  appear  to  be  worthy  of 
comparison. 
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Professor  W.  E.  Ayrton  :  The  special  point  to  be  decided  at  this  Ayrton. 
discassion,  as  Mr.  Ferranti  brought  out,  is  the  relative  advantage  of  the 
alternating  and  continous  current,  especially  with  regard  to  interference 
with  other  interests.     Interference  is  the  main  question  we  have  before 
us  in  accordance  with  the  title.    There  is  no  question  whatever  that  we 
have  had  in  various  countries  a  very  large  amount  of  interference,  and 
therefore  I  need  not  go  into  the  details.     Electrolytic  interference  Dr. 
Kennelly  has  referred  to,  as  well  as  others,  also  telephone  interference. 
A  very  serious  kind  of  interference  has  grown  up  within  the  last  two  or 
three  years,  namely,  interference  with  submarine  cables.    A  very  serious 
case  happened  in  the  Cape  of  Good  Hope,  where  a  large  amount  of 
damage  was  done,  and  there  was  considerable  stoppage  of  messages 
coming  by  the  Western  cable  to  Europe.     There  has  been  interference 
with  the  magnetic  observatories  that  Dr.  Kennelly  mentioned  at  the  end 
of  his  remarks.    There  is  no  question  about  these  interferences,  but 
there   is  the  question  how  are  we  deal   with  them  ?      Should    you 
endeavour  to  destrov  the  attack,  or  should  vou  allow  the  attack  to 
remain  and  endeavour  to  improve  the  defence  ?    Those  are  two  totally 
different  methods  of  dealing  with  the  subject.     In  other  words,  should 
you  endeavour  to  construct  each  undertaking  in  such  a  way  that  it  will 
not  cause  any  interference  with  anybody  else,  or  will  you  start  with 
assuming  that  there  is  war  ?    Are  we  to  assume  that  the  other  side  are 
sure  to  attack  us  and  that  they  will  not  mind  our  losses  and  griefs,  and 
all  that  we  can  do  is  to  try  to  defend  ourselves  ?    To  a  certain  extent 
both  practices,  both  plans,  have  been  followed,  in  Great  Britain  at  any 
rate.     The  Board  of  Trade  regulations  state  that  there  shall  not  be  more 
than  seven  volts  difference  of  potential  between  any  two  points  of  the 
rails  if  the  rails  of  the  tramway  are  used  as  a  return.    That  is  an  indica- 
tion of  an  endeavour  to  prevent  the  enemy  attacking  us  too  much, 
allowing  them  to  fire  at  us  but  not  with  expanding  bullets,  so  to  say. 
The   regulation  does  not  say  how  long  the  line  may  be  with  such  a 
restriction,  whether  it  is  to  be  a  long  one  or  a  short  one.    Still  the  seven- 
volt  rule  applies.     Now,  it  has  been  shown  conclusively  that  the  seven- 
volt  rule  does  not  give  sufficient  protection.     It  certainly  does  not  give 
sufficient  protection  in  the  case  of  a  submarine  cable  which  lands 
.anywhere  near  the  place  where  the  tramway  runs.     It  docs  not  give 
sufficient  protection  in  many  cases  as  regards  electrolysis,  and  obviously 
it  would  not  give  sufficient  protection  in  any  magnetic  observatory 
which  might  be  located  in  the  neighbourhood  of  the  tramway.     In  the 
case  of  telephones  it  is  possible  to  obtain  a  very  good  defence,  and  to 
make  the  telephone  people  more  or  less  independent  of  attack.     It  was 
indeed  the  ease  with  which  that  defence  can  be  constructed  that  led  the 
Joint-Committee  of  the  House  of  Commons  and  the  House  of  Lords, 
before  whom  this  matter  was  brought  a  few  years  ago,  not  to  interpose 
restrictions  in  the  construction  of  tramways,  because  the  conclusion 
they  came  to  from  the  evidence  they  heard  was  that  a  telephone  system 
in  Great  Britain  was  so  shockingly  bad  in  consequence  of  the  use  of  the 
earth  as  a  retiu'n — there  was  in  fact  so  much  interference  of  one  line 
with  another — that  even  if  there  were  no  electric  tramways  at  all,  and 
no  distribution  of  electrical  energy  on  a  large  scale,  it  would  be  neces- 
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A\TtSr^  sary  for  the  telephone  companies  to  resort  to  modifications.  They  would 
have  to  do  that  apart  from  electrical  distribution,  and  therefore  it  >\*as 
not  necessary  to  restrict  electrical  distribution  because  telephones  had 
to  adopt  their  own  defence.  But  regarding  the  water  pipes  and  gas 
pipes  that  does  not  apply  at  all.  They  cannot  use  anything  in  the  nature 
of  an  insulated  "  return  "  whicli  will  prevent  electrolysis. 

Now  I  come  to  a  very  important  point  which  has  not  been  suggested 
by  any  of  the  speakers  so  far — though  perhaps  I  am  wrong  in  saying  it 
was  not  suggested,  as  it  was  implied  by  Mr.  Ferranti — viz.,  that  it  would 
be  very  different  if  direct  currents  were  used  instead  of  alternating. 
But  any  doubt  of  the  truth  of  that  assertion  has  not  been  suggested  by 
any  of  the  speakers.  If  we  were  to  adopt  universally  a  general  system 
of  alternating  currents,  should  we  be  free  from  electrolysis  ?  This  is  a 
point  which  has  been  interesting  me  for  some  time  past,  and  I  was 
making  some  obseivations  on  that  subject  this  year  in  Geneva,  where 
they  have  suffered  a  great  deal  from  damage  in  the  pipes.  The  matter 
was  referred  to  me  to  investigate,  and  I  will  only  remark  that  it  is  not 
at  all  clear  that  if  only  alternating  currents  were  employed  the  pipes 
would  be  free  from  electrolysis.  Some  years  ago  I  carried  out  experi- 
ments and  showed  an  interesting  one  to  certain  people  in  my  laboratory. 
I  took  an  ordinary  sulphuric  acid  voltameter,  the  Hoffmann  voltameter, 
with  two  tubes  and  a  platinum  electrode  in  each  tube.  The  hydrogen 
was  evolved  in  one  tube  and  the  oxygen  along  the  other.  We  sent  an 
alternating  current  through,  and  the  same  thing  occurred  as  with  a 
direct  current,  namely,  the  hydrogen  came  off  in  one  tube  twice  as  fast 
as  the  oxygen  in  the  other.  It  is  clear  that  we  cannot  assume  that 
there  will  be  no  electrolysis  because  an  alternating  current  is  employed, 
and  I  find  on  this  table  a  sample,  of  which  I  did  not  know  previously, 
which  has  been  sent  by  Mr.  Trotter,  of  the  Board  of  Trade,  illustrating 
that  very  thing.  The  label  says,  "  One  of  a  pair  of  lead  pipes  buried 
in  a  box  of  earth  corroded  by  one  ampere  alternating  current  passing 
from  pipe  to  pipe  for  six  weeks."  That  is  the  result.  That  is  not  unlike 
the  corroding  seen  in  Geneva  during  my  investigations.  Mr.  Trotter 
mentions  in  his  letter  that  the  specimen  was  corroded  by  an  alternating 
current  coming  from  Deptford.  That  does  not  mean  that  the  Deptford 
current  is  worse  than  any  other.  He  states  that  the  current  came  from 
Deptford  to  show  that  it  was  not  any  fancy  laboratory  current.  I 
admit  mine  was  a  laboratory  current,  but  it  was  produced  at  any  rate 
by  a  Ferranti  dynamo.  The  letter  proceeds  "  to  show  it  was  no  fancy 
laboratory  current — I  add  it  with  regret  because  Mr.  Ferranti  will 
argue,  I  suppose,  that  less  damage  is  done  by  alternating  than  by 
continuous  current.  There  are  no  more  particulars  to  give  except 
that  the  pipes  are  six  inches  apart  and  the  sides  where  the  currents 
passed  each  other  are  more  corroded  than  the  other  parts." 

It  is  clear,  then,  that  alternating  ciu-rent  will  not  give  us  protection 
with  certainty,  and  it  is  clear  also  that  it  is  a  very  important  question  to 
examine  under  what  circumstances  do  alternating  currents  produce 
electrolvsis,  and  under  what  circumstances  thev  do  not.  That  is  a 
subject  which  has  attracted  a  good  deal  of  attention  subsequently  to  my 
publishing  the  little  experiment  I  told  you  about  in  connection  with  the 
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voltameter,  and  I  shall  be  very  glad  to  hear  from  the  meeting  the  results  Ayrtoa!^ 
of  any  experiments  which  will  enable  us  to  settle  what  should  be  done 
with  a  lead  pipe  so  as  to  make  it,  if  possible,  immune  to^action  by  an 
alternating  electric  current.  For  it  is  not  possible  to  do  that  if  such 
action  occurs.  If  I  polarize  my  platinum  plates  by  means  of  a  direct 
current  first,  then  decomposition  by  means  of  alternating  current  takes 
place  with  perfect  ease.  I  do  not  mean  to  say  that  the  same  amount 
of  gas  came  off  for  a  given  number  of  coulombs  which  would  have 
come  off  with  the  same  number  of  coulombs  of  direct  current,  but 
I  mean  that  when  the  observer  saw  the  voltameter  without  looking  at 
the  ammeter  at  all,  he  saw  no  difference  whatever  between  the 
hydrogen  and  the  oxygen  coming  off  with  the  alternating  current  as 
compared  with  that  from  the  two  separate  tubes  with  the  direct 
current. 

Speaking  now  about  the  defence,  about  arranging  our  pipes  (water 
and  gas),  and  the  submarine  cables,  so  as  to  prevent  the  attack  hurting 
us.  In  spite  of  what  Dr.  Kennelly  said,  I  think  more  might  be  done  to 
avoid  the  attack,  and  I  am  happy  to  say  the  London  Tramways  Com- 
panies have  not  looked  at  the  matter  at  all  from  the  drastic  point  of 
view  that  Dr.  Kennelly  has  just  suggested.  The  London  Tramway 
Companies  have  not  said,  "  We  are  coming.  You  have  magnetic 
observatories  near  London.  If  we  destroy  them  we  are  very  sorry,  and 
you  had  better  go  somewhere  else."  They  have  not  taken  that  line  at  all. 
The  line  they  have  taken  is,  "  Will  you  try  and  find  out  for  us  what  we 
must  do,  the  least  we  must  do,  to  ensure  you  immunity  from  distur- 
bance ? "  The  result,  as  some  of  you  know,  has  "been  that  a  Joint  Com- 
mittee was  appointed  by  the  Board  of  Trade  to  carry  out  experiments 
and  find  out  what  was  the  magnetic  disturbance  produced  by  existing 
electric  railways  and  tramways  in  Great  Britain,  when  those  tramways 
or  railways  worked  under  the  Board  of  Trade  regulations.  W^hen  the 
difference  of  potential  between  the  rails  did  not  exceed  seven  volts,  what 
was  the  disturbance  ?  We  found  the  magnetic  disturbance  very  con- 
siderable and  the  seven-volts  limit  was  quite  impossible  in  the  neighbour- 
hood of  the  observatory. 

Without  giving  you  a  long  account  of  all  the  experiments,  I  will 
give  you  practically  the  final  result.  The  final  result  of  the  experiments 
and  negotiations,  for  which  we  have  very  much  to  thank  our  British 
President  and  Professor  Riicker,  for  they  have  taken  a  very  active  part 
in  connection  with  these  negotiations,  has  been  this  :  Within  two  miles 
of  the  observatory  the  Tramway  Companies  offer  to  cut  up  their  line 
into  one-mile  sections — that  is  to  say,  no  part  of  the  line  in  that  neigh- 
bourhood shall  be  electrically  continuous  for  more  than  a  mile,  each 
mile  being  insulated  electrically  from  the  rest  of  the  tramway  system, 
and  that  current  shall  be  brought  to  the  trolley  wire  at  the  middle,  and 
taken  away  from  the  rails  at  the  middle  of  each  mile  section.  Further, 
that  no  point  whatever  of  the  rails  of  any  of  these  sections  shall  be 
allowed  to  differ  from  the  potential  of  the  earth  by  more  than  one- 
nflk  of  a  volt.  We  have  assured  ourselves  by  calculation  and  by 
experiment  carried  out  in  different  parts  of  London  and  Great  Britain, 
that  with  such  a  difference  of  potential  magnetic  instruments  will  pro- 
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bably  not  be  disturbed  to  an  amount  that  wilt  be  practically  serious  ; 
that  is  to  say,  by  an  amount  that  will  interfere  with  the  ordinary  obser- 
vations carried  out  in  a  good  magnetic  laboratory.  So  1  am  very  happy 
to  say  that  the  tramways,  although  they  are  about  to  use  Americaa 
plant,  liave  looited  at  the  matter  from  what  I  may  call  in  this  case  a 
nOK-American  point  of  view.  And  instead  of  relying  on  a  supposed 
superior  importance  possessed  by  tramways  over  a  study  of  the  earth's 
magnetism,  they  have  worked  cordially  with  the  Government  represen- 
tatives in  ascertaining  what  precautions  must  be  talten  to  ensure 
immunity  for  the  London  magnetic  observatories  without  introducing 
too  much  interference  with  the  commercial  working  of  the  tram- 
ways. 

There  is  one  other  point  with  reference  to  alternating  currents  for 
electric  tramways  whicli  has  not  been  yet  suggested.  I  was  informed 
tlut  one  of  the  reasons  why  in  the  United  States  alternating  currents  were 
not  employed  was  because  they  found  a  difficulty  in  getting  a  good 
contact  between  a  trolley  pole  and  the  wire  when  the  wire  had  snow  upon 
it,  more  difliculty,  that  is  to  say,  with  alternating  than  with  direct  current. 
Since  that  time,  which  was  in  1B97,  certain  electric  railways  have  been 
constructed  on  the  Continent  of  Europe  which  use  alternating  current, 
and  it  will  be  interesting  if  any  one  here  can  tell  us  whether  any  difli- 
culty  has  been  experienced  in  the  winter  when  snow  rested  on  the 
trolley  wire  ;  that  is  to  say,  more  difficulty  than  would  have  been 
experienced  had  the  direct  current  been  employed. 

M.  Desirl  Kokda  ;  Lorsqu'il  s'agit  d'une  distribution  dans  une 
gi'andc  ville,  Ic  courant  altcrnatif,  monophase  ou  triphase,  grace  a  la 
facilitti  de  sa  transformation,  offre  des  avantages  sur  Ic  courant  continu 
a  haute  tension  qui  exige  pour  sa  transformation  des  transformateurs 
rotatifs ;  quant  an  courant  monophase,  la  grande  objection  qui  s' oppose 
souvent  a  son  adoption  est  la  difficulte  de  son  application  a  la  force 
motrice,  le  vrai  moteur  i  courant  aiternatif  simple  n'ctant  pas  encore 
invente.  Par  suite,  dans  bien  des  cas,  on  prefcrc  adopter  le  courant 
polyphase  malgrc  la  difficulte  qu'il  y  a  a  regler  convenablement  les 
trois  ponts,  et  i  maintenir  les  tensions  egales  ;  on  a  quelquefois  recours 
a  des  systemes  plus  ou  moins  compliques,  polycycliques  ou  autres. 

Cest  sur  la  question  des  courants  polyphases  que  je  voudrais  dire 
quelques  mots,  ou  plutot  sur  un  cas  dans  lequel  leurs  avantages  et  Icurs 
'apport  au  courant  continu  se  montrent  d'une  fa^on 
dente,  sur  le  cas  de  la  distribution  de  force  dans  une 
le,  par  exemple,  une  sucrcrie  importante. 
ilyphases,  comnie  vous  le  savez,  messieurs,  se  sont 
lement  pour  la  distribution  de  I'energie  dans  de  teiles 
iimplicite  des  receptrices  qui  ne  necessitent  qu'un 
lul ;  au  contraire,  pour  les  courants  continus,  le  col- 
icaucoup  d'cntretien,  une  proprete  plus  grande  et 
nir,  specialeraeni  dans  le  cas  d'une  usine  commc  la 
rie  et  dans  laquelle  on  rencontre  a  chaque  instant 
1  moins  visqueux  et  des  poussieres  qui  sc  fiKent  pre:> 

i'ai  etc  aiiieuc  ii  couiparur  cus  deus  systeities  daua 
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dc»  [M'OJet&  cl  j'at  eu  l4  I'occasion  de  voir  leurs  avantages  c[  teurs  iiicon-  ' 
venicnte  respect  if  s. 

L«:>  quelques  points  sur  lesqucb  jc  me  punnets  d'attirer  votru  atten- 
tion sont  lea  suivants. 

Au  point  de  vue  de  I'entretien,  comme  je  viens  de  le  dire,  et  pour  Ic 
cas  que  j'ai  cite,  it  n'y  a  pas  a  hesiter,  tout  I'avantage  est  pour  le  courant 
polyphase. 

Senlemeul,  voici  un  iaconvenient  qui  sc  presente.  Dans  unu  usinc 
comine  celle  que  j'ai  prise  pour  exemple,  il  est  impossible  d' adopter 
de:i  courant:i  a  haute  tension,  precisement  a  cause  de  ces  liquides  vis- 
queuK  et  de  ces  poussieres  dont  j'ai  parle  ;  la  proprete  sur  laquclte  on 
peut  compter  est  tres  relative,  et  I'encrassement  qui  en  resulte  interdit 
I'emploi  de  ces  courants  a  haute  tension.  Aussi  la  direction  de  I'u^nu 
Uniite  I'ingenieur  electricien  a  une  tension  qui  ne  depasse  guere  300 
volts,  parccque  les  tensions  efficaces  depassant  200  volts  pour  un  courant 
alternatif  donnent  comme  vateur  maxima  des  tensions  qui  commencent 
deja  a  etre  considerees  comme  dangercuses.  Or,  dans  cette  usine,  vous 
avez  a  actionner  de  nombrcux  moteurs,  dcs  centrifuges  a  sucrc,  par 
exemple  de^^ndes  dimensions,  et  ces  centrifuges  demaiident  ducourant 
de  grande  intensite,  surtout  au  demarrage. 

It  faut  done  canatiser  des  courants  puissants.  Or,  le  proprietairu  du 
Tusine  veut  depenser  le  moins  possible  pour  la  canalisation,  ct,  a  cause 
du  prix,  prefere  les  cables  nus  aux  cables  isoles.  Comme  on  ne  peut 
pas  tordre  ensemble  les  Irois  cables  nus  comme  on  auratt  pu  le  faire 
avec  les  cables 'isoles  afin  d'eviter  I'effet  de  la  tclf  induction,  on  est 
oblige  de  les  placer  aussi  pres  que  possible  les  uns  des  autres.  Mais  11 
y  a  forcement  une  limite  a  leur  ecartement  a  cause  de  la  tension  et  du 
I'etat  de  proprete  peu  sur.  Voila  done  encore  une  'nouvelle  cause  do 
courant  dewatte  pour  I'ingenieur  electricien  charge  du  projet  d'installa- 
tion,  surtout  si  la  station  centrale  d'energie  elcctrique  se  trouve  un  peu 
eloignee  des  ateliers  dans  lesquels  la  force  motrice  est  employee.  Si 
elle  est,  par  exemple,  a  une  distance  de  aoo  ou  de  250  metres,  la  self-in- 
duction de  la  ligne  va  jouer  deja  un  grand  role  dans  une  usinc  d'une 
ccrtaine  importance. 

A  I'augmentation  de  I'intensitc  du  courant  provenant  du  decalage 
des  moteuis  vient  done  s'ajouter  la  chute  de  tension  provenant  de  la  self 
induction  de  la  ligne. 

Ea  outre,  dans  bien  des  cas,  Ton  ne  vous  accordc  pas  une  machine 
motrice  spcciale  pour  I'excitatrice  ;  le  proprietaire  de  I'usine  se  dit  que, 
s'il  employait  du  courant  continu,  ta  meme  machine  lui  donnerait  I'ex- 
dtation,  et  qu'it  n'aurait  pas  besoin  d'une  machine  speciale.  Sc  basant 
sur  ces  considerations,  U  vous  dcmande  done  d'etablir  un  devis  en  pre- 
voyant  I'excitatrice  sur  la  meme  machine  que  la  generatrice.  II  en 
rcsulte  une  troisieme  raison  qui  vous  limite  en  ce  qui  concerne  le  vol- 
tage du  reseau.  En  effet,  au  moment  de  la  plus  forte  charge  de  I'alter- 
oaleur,  la  machine  a  vapeur  se  ralentit ;  I'excitatrice  se  ralentit  aussi,  et, 
quand  t'on  a  le  plus  besoin  de  voltage,  I'excitatrice,  comme  Ton  dit  vul- 
gaireiiient,;nous  laisse  en  plan.  Cette  diminution  du  voltage  est,  en  clT(-i. 
comme  vous  le  voyez,  en  raison  dirccte  du  carrc  de  la  diminuti< 
Dombre  de  toim  de  la  maebinu. 
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Voilu  done  trois  raisons  qui  font  que,  pour  des  applications  du  genre 
dc  celle  dont  j'ai  paric,  on  est  force  de  choisir  une  machine  d'une 
capacite  plus  grande  que  si  Ton  employail  du  courant  continu. 

Voici  maiutenant  que  It  rcracde  commence  a  se  (aire  jour.  Conimc 
vous  !c  save/.  Ton  a  commence,  dans  ces  derniers  temps, — et  c'est 
I'Exposition  Universellt  de  1900  qui  en  a  fait  la  premiere  application 
pratique — u  s'occuper  du  compoundajie  des  alternaleurs ;  je  crois.  en 
effet,  quL-,  dans  des  cas  analogues,  le  compoundage  est  lout  indiquc,  et 
lion  seulemeiit  le  compoundage  mais  I'hyper-com poundage,  car,  non 
seiilemenl  il  faudrait  pouvoir  compounder  les  altcrnateun,  mais  il 
faudrait  aussi  pouvoir  arrivcr  a  Thy  per -compoundage  en  ce  qui  concerne 
la  canalisation  pour  tenir  tetc  a  I'abaisscnient  du  voltage  provenant  de 
la  self  induction  de  la  canati^ion  el  des  moteurs. 

Je  crois,  par  consequent  que,  le  jour  oil  celte  application  doni  nous 
avons  vu  la  premiere  apparition  pratique  a  I'Exposition  Universelle  se 
gcneralisera,  la  situation  du  courant  polyphase,  par  rapport  au  courant 
continu  s'ameliorcra  encore. 

Tout  ce  que  je  viens  dc  dire  n'a  ricn  a  voir  avec  une  distribution 
d'^nei'gie  clectrique  dans  une  grande  ville,  parceque  dans  ce  cas.  Ton  a. 
line  haute  tension,  et  la  chute  du  polenliel  est  proportiomiellement  tres 
faible ;  les  inlensiles  etant  tres  faibles,  la  valeur  de  la  conire  force 
electromofrice  de  self-induction  correspondante  est  faible  :  aussi  ces 
difHcultes  dont  je  parlais  s'eliminent  en  quelquu  sortc  d'elles  memcs. 
Mais  lorsque  Ton  a  une  grande  usine  a  desservir,  et  qu'il  faut  employer 
dc  grandes  inlensites'de  courant  sous  une  basse  tension  les  trois  causes 
que  j'ai  citecs  sc  presentent,  et  i'on  esl  oblige,  nature llement,  d'en  lenir 

Professor  F.  B.  Crocker  ;  I  think  iiovi:  that  the  discussion  lias  been 
opened,  and  the  subject  generally  covered,  that  the  time  ha^  come  when 
we  may  conline  ourselves  to  a  few  special  points.  The  subject  of  our 
discussion  is  with  special  regard  to  interference.  I  do  not  think  that 
is  the  most  important  pomt,  but  as  that  is  the  subject  we  should  apply 
our  remarks  largely  to  that.  There  ate  two  interference  effects  that 
electric  currents  produce.  1  Ihink  they  might  tic  classified  as  the  induc- 
tive and  the  leakage  effects.  Under  the  head  of  inductive!  should  include 
the  magnetic  effect,  because  Ihe  inductive  effect  is  the  magnetic  effect, 
and  vice  vcnii.  Now,  the  inductive  effect  of  the  direct  current  is  purely 
magnetic,  it  produces  only  magnetic  effects  in  its  vicinity.  Therefore 
its  disturbing  effect  is  upon  magnetic  apparatus  in  magnetic  observa- 
tories or  upon  magnelic  apparatus  generally.     But  there  are  not  many 

-  -'--  -"- *—:—  ;-  '1.-.  -vorld,  and,  as  Dr.  Kenn e I ly  observed, 

it  where  they  would  not  be  interfered 
at  the  progress  of  the  electric  :u't  ought 
existence  of  a  few  magnetic  observa- 
be  so  in  many  places.  So  I  should  be 
member  and  dismiss  that  point  as  not 

las  an  inductive  effect,  viz.,  Ihe  produc- 
lOOd.  It  also  produces  a  field,  but  that 
no  permanent  effect  upon  magnetic 
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apparatus.  But  the  current  inductive  effect  is  produced  solely  by  the  qJ^^"* 
alternating  current,  and  that  I  should  consider  the  more  serious,  because 
we  have  many  more  telephones  or  even  telephone  exchanges  than  we 
have  magnetic  observatories.  As  Sir  William  Preece  has  said,  we  can 
largely  avoid  that  inductive  effect  by  metallic  circuits.  But  there  are 
cases  where  we  want  wires  overhead,  and  under  those  conditions  we 
can  hardly  eliminate  the  inductive  effect  except  by  transposition  of  the 
wires,  which  is  not  a  complete  preventive.  Furthermore,  in  certain 
cases  and  in  smaller  towns  grounded  circuits  are  used,  and  it  seems  to 
me  that  the  inductive  effect  which  produces  a  current  in  a  neighbour- 
ing conductor  is  a  more  serious  disturbance  than  that  of  the  production 
of  a  magnetic  field.  I  think  that  is  so  at  the  present  I  time,  and  I  think 
it  will  always  be  so.  Therefore  I  should  say  that  on  that  account  the 
alternating  current  is  more  guilty  than  the  direct ;  in  other  words  its 
disturbing  effect  without  leakage  is  greater  than  that  of  the  direct 
current.  Now,  the  leakage  effect,  unfortunately,  is  much  more  serious 
with  the  direct  current.  The  leakage  of  direct  current  is  that  which- 
produces  the  electrolytic  effect,  and  is  the  most  serious  interference 
that  electric  currents  produce  on  other  apparatus  or  other  interests. 
But  that  leakage  is  something  we  can  control  to  a  great  extent.  The 
production  of  a  magnetic  field  and  the  inductive  effects  are  much  more 
elusive  than  mere  leakage.  In  high-tension  conductors,  overhead  or 
underground,  the  leakage  quantity  is  exceedingly  small.  It  mifst  be  so. 
If  considerable  leakage  occurred  in  an  underground  conductor  at 
several  thousand  volts  it  would  produce  a  short  circuit  or  a  ground. 
But  there  is  a  leakage  occurring  in  low-tension  conductors.  I  think 
that  is  because  we  have  allowed  it  to  exist.  If  we  insulate  high-pressure 
conductors  as  well  as  we  do,  we  can  insulate  low-pressure  conductors 
equally  well  or  better.  I  had  occasion  to  test  the  underground  network 
of  New  York  City,  many  miles  in  extent,  and  the  system  was  split  up  in 
sections  to  enable  this  to  be  carried  out.  We  found  that  the  leakage 
was  not  excessive  ;  it  is  a  very  small  percentage  of  the  current — con- 
siderably less  than  i  per  cent.,  as  the  test  showed  at  the  time.  I  am 
referring  to  electric  lighting  conductors  which  are  not  grounded.  A 
similar  result  is  found,  I  believe,  by  a  comparison  of  the  total  output 
with  the  output  that  is  useful.  That  shows  that  the  leakage  is  a  small 
quantity.  In  the  gas  industry  that  is  not  the  case.  A  very  large  per- 
centage of  gas — lo  or  20  per  cent,  in  the  case  of  New  York — is  lost  by 
leakage.  But  that  is  not  true  in  electric  distribution.  So  I  should  say 
that  the  fact  that  we  have  now  in  electric  conductors,  overhead  or 
underground,  a  considerable  leakage,  is  a  temporary  condition  which 
can  be  overcome.  I  am  sure  electric  conductors,  except  those  pur- 
posely grounded,  can  be  so  laid  that  the  leakage  is  a  negligible  quantity, 
even  for  long-continued  electrolytic  effects.  Now,  with  the  grounded 
trolley  system,  the  single-wire  trolley,  the  current  must  go  into  the 
earth.  But  there  again  by  the  use  of  improved  methods,  return  feeders, 
and  more  perfect  bonding,  we  have  reduced  that  promiscuous  flow  of 
current  through  the  earth,  until  now  it  is  very  much  less  than  it  was 
before,  and  I  think  it  can  be  brought  down  to  a  quantity  which  is  also 
insignificant  If  it  can  be  reduced  to  the  figure  which  Professor  Ayrton 
vou  XXX.  2 
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mentioned — one-fifth  of  a  volt — if  that  were  the  difference  of  potential, 
it  would  be  far  below  any  dangerous  electrolytic  limit.  So,  apparently, 
the  interference  is  not  so  very  different  in  the  two  cases — that  is  to  say, 
the  alternating  has  a  greater  inductive  effect  without  actual  transfer  of 
current,  and  the  direct  current  has  much  more  serious  electrolylic 
effects.  But  those  can  be  and  have  been  largely  overcome  by  more 
perfect  construction. 

I  should  like  to  say  just  a  word  on  the  motor  question.  Sir  William 
Preece  cited  a  certain  instance  where  direct  current  machines  had  been 
replaced  by  alternating.  I  know  of  several  other  instances  where 
alternating  have  been  replaced  by  direct,  so  that  evidence  is  not  at  all 
conclusive.  That  point  alone  could  well  occupy  us  for  much  more 
than  the  time  we  have  at  our  disposal.  I  will  simply  say  now  that  so 
far  as  efficiency  is  concerned  the  two  kinds  of  motors  are  almost 
identical.  I  have  in  my  possession  efficiency  curves  of  the  latest 
induction  motors  from  the  Westinghouse  and  General  Electric 
Companies,  and  I  compared  them  with  the  efficiency  curves  of  direct 
current  machines  of  the  same  size  and  the  agreement  was  almost 
perfect ;  the  two  curves  coincided  almost  exactly  at  full  load  and  at 
all  loads  above  one-third  of  full  load.  Below  that  the  agreement  was 
not  so  close. 

A  Member  :  What  do  you  call  the  same  size  ? 

Professor  Crocker  :  I  mean  in  rated  capacity,  also  in  actual 
capacity.  The  agreement  of  the  two  sets  of  curves  was  remarkable 
and  complete,  except  at  very  small  fractions  of  full  power  the  direct- 
current  motor  has  a  better  efficiency,  but  at  one-half  to  full  load  the 
agreement  was  almost  perfect. 

Sir  William  Preece  :  What  was  the  efficiency  in  per  cent.  ? 

Professor  Crocker  :  It  depends  on  the  size.  The  efficiency  depends 
on  the  capacity  of  the  machines.  For  example,  a  small  machine,  a  one 
kilowatt  alternating-current  induction  motor,  would  have  the  same 
efficiency  as  a  one  kilowatt  direct-current  machine  between  half  and 
full  power,  and  the  curves  representing  that  efficiency  would  agree 
exactly. 

Sir  William  Preece  :  What  percentage  of  loo  ? 

Professor  Crocker  :  That  depends  on  the  size  of  the  machine. 

Sir  William  Preece  :  Take  one  kilowatt  ? 

Professor  Crocker  :  I  do  not  recollect  that  figure. 

Sir  William  Preece  :  Was  it  over  90  per  cent  ? 

Professor  Crocker  :  No,  it  was  not ;  but  we  compare  the  two 
systems,  and  I  say  there  is  no  choice  in  that  respect,  except  that  the 
direct-current  motor  was  higher  efficiency  at  light  load  ;  at  other  loads 
the  two  are  equal. 

Now  as  to  regulation  for  constant  speed,  the  two  machines  are 
equivalent.  A  percentage  of  reduction  of  speed  occurs  when  the 
machine  is  loaded  from  zero  to  full  load.  First-class  direct  and 
alternating  current  machines  are  equally  good  in  that  respect  for 
constant  speed  ;  but  when  you  regulate  for  variable  speed  the  direct- 
current  motor  has  a  great  advantage  over  the  alternating-current 
motor.    It  is  equal  in  efficiency,  it  is  equal  in  regulation  for  constant 
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speed,  but  the  direct-current  machine  is  superior  for  variable  speed.  Sj^J^'' 
That  applies  not  only  to  stationary  motors,  with  which  I  am  most  familiar, 
but  it  applies  also  to  electric  railway  machines,  and  I  think  is  equally 
important  for  stationary  and  for  traction  purposes.  It  is  in  that 
respect  that  the  direct  current  has  its  advantage  for  power  purposes  over 
the  alternating.  I  do  not  think  it  would  be  fair  to  the  direct  current, 
or  proper  to  this  occasion  to  allow  that  point  to  pass  unquestioned^ 

Mr.  W.  M.  MoRDEY  :  With  several  of  our  American  visitors  I  have  Mr.  Mordey 
discussed  during  our  meetings  the  question  of  earth  drop  on  the 
return  circuits  of  tramways,  and  I  have  found  a  general  disposition 
to  suppose  the  Board  of  Trade  regulations  restricting  the  drop  within 
7  volts  was  not  adhered  to,  and  could  not  be  adhered  to.  I  have 
just  carried  out  a  very  complete  series  of  tests  on  many  miles  of 
tramwajrs  in  England  ;  and  one  of  the  things  I  had  to  investigate  was 
that  question  of  earth  drop.  I  found  in  that  system,  running  under 
the  fullest  load  conditions,  that  the  drop  of  potential  never  exceeded 
5  volts.  You  will  notice  in  tramway  stations  that  the  recording  instru- 
ments which  we  always  use,  but  which  I  think  are  not  used  in 
America,  may  momentarily  indicate  more  than  7  volts ;  those  instru- 
ments indicate  higher  momentary  effects  than  the  real  value.  For 
instance,  if  you  suddenly  switch  one  of  those  instruments  on  to  a 
steady  pressure  of  6  volts,  it  will  usually  swing  to  about  10  volts.  One  of 
the  differences  between  English  and  American  practice  is,  I  think,  apart 
from  the  question  of  scale,  that  great  attention  has  been  given  to  this 
question  of  earth  drop,  and  to  the  continuous  recording  of  what  is 
happening.  The  Board  of  Trade  regulations  are  strictly  enforced. 
I  am  sure  the  result  has  been  good.  I  hope  in  this  discussion  we  shall 
obtain  from  our  American  visitors  some  actual  quantitative  results 
ari^ng  from  electrolysis.  The  real  point  which  I  think  was  intended 
to  be  brought  out  was  whether  or  not  electrolysis,  quite  apart  from 
other  questions,  would  not  be  a  determining  factor  in  the  development 
of  systems  of  supply,  at  least  where  earthed  conductors  were  used. 

I  will  ask  you  to  bear  in  mind  the  one  and  only  absolute  cure  for 
all  troubles  of  this  sort,  whether  direct  or  alternating  currents  are 
used — the  insulation  of  both  conductors.  I  expect  to  find  it  applied  in 
the  future  in  all  railway  cases  and  in  all  conduit  cases,  whether  for 
direct  or  for  alternating  current.  Quite  apart  from  the  avoidance  of 
electrolytic  effects  it  has  many  advantages.  To  comply  with  Board  of 
Trade  regulations  we  have  to  use  boosters  and  great  quantities  of 
copper  to  assist  the  return  circuit.  There  would  be  no  objection  to  25 
or  50  volts— or  even  more,  instead  of  7 — if  we  had  not  to  consider 
electrolysis.  We  could,  if  we  wished — and  if  it  were  economical  to  do 
so— have  as  big  a  drop  on  our  return  as  on  our  trolley  line  if  we  used 
an  insulated  return  ;  and  we  should  get  rid  of  bonding  and  of  sparking 
at  dirty  rails,  and  of  electrolysis.  Information  as  to  the  results  of  the 
working  of  the  double  trolley  system  at  Cincinnati,  where  it  is  or  has 
been  employed  on  a  large  scale,  would  be  of  great  assistance  to  us. 
We  should  like  to  know  if,  in  America,  in  your  conduit  or  railway  work, 
you  are  making  any  efforts  to  avoid  the  objectionable  earth  return. 
Wlicther  in  the  future  there  will  be  any  preponderating  system 
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K*  u  •f'Uz  j^tiii  i^ecmh  quite  uncertain.  It  may  be  the  system  is  going  to  be 
alternating  for  transmission  and  direct  for  distribution  ;  but  I  cannot 
help  thinking  that  ultimate  simplicity  will  lead  to  the  use  of 
alternating  currents  for  almost  everything,  at  least  where  we  have  long- 
di^tance  transmission  or  large  areas.  In  railway  work  where  we  begin 
with  alternating  currents,  the  simplicity  of  transformation  will  probably 
ultimately  lead  to  the  use  of  alternating  throughout.  There  is, 
howcA'cr,  much  to  be  said  for  Mr.  Lennard's  s\-stem,  with  his  rotary 
umvtrUfT  on  the  car,  if  direct  currents  have  any  part.  My  own 
feeling,  in  spite  of  present  fashions  in  England,  is  that  sooner  or  later 
wc  shall  have  in  all  large  systems  the  alternating  current  right  through. 
I  hclirve  the  rotary  transformer  is  a  make-shift,  to  be  cleared  away 
(Hfiwr  or  later  for  railway  work  ;  it  is  quite  unnecessary  for  lighting 
and  only  indispensable  for  electrolytic  work. 

Sf)xni'  of  you  may  go  on  to  Switzerland  from  here,  and  may  see  the 
cxampl*'^  of  alternating  work  there.  You  will  see  the  Burgdorf-Thun 
Railway  and  the  Kngelbcrg  and  Jungfrau  Mountain  Railways,  where 
inanv  (juc'ttions  arc  disposed  of.  If  you  can  start  a  train  on  a  mountain 
ra<  k  railway  you  can  start  one  anywhere. 

We  have,  during  the  last  few  days,  seen  the  Central  London 
Railway,  and  liighly  appreciate  the  facilities  afforded  us  by  the  Com- 
pafiy  rluring  our  visit.  But  all  of  us  who  have  had  to  do  with  the 
estimating  of  engineering  work  will  have  felt  that  if  all  the  cost  of 
tho^c  sub-stations — their  static  and  rotary  transformers  and  so  on,  their 
first  cost,  their  maintenance,  their  working  cost  in  power  and  labour — 
coiilfl  be  realised  and  put  into  conductors,  we  should  have,  for  that 
ca^e  at  Ica^t,  a  simple  system  which  would  be  safer  and  probably  more 
economical  in  first  cost,  certainly  in  working  cost  afterwards. 

The  question  of  capacity  has  been  referred  to.  It  is  more  serious 
in  alternating  underground  work  than  is  generally  realised.  I  recently 
had  to  investigate  some  difficulties  due  to  capacity  on  a  system  of 
two  hundred  and  fifty  miles  of  underground  cables  in  St.  Petersburg. 
There  is  really  much  less  difficulty  tlian  is  generally  supposed  in  over- 
coming most  of  the  effects  of  capacity  of  such  mains.  I  wish  I  had  time 
to  s  ly  more  on  the  Subject,  but  must  leave  it  to  an  opportunity  which 
I  hope  may  be  granted  later. 

I  should  like  to  refer  to  one  '*  existing  interest."  I  mean  the 
intercut  of  tlie  public  and  of  the  scientific  laboratories  and  obser- 
vatories. There  can  be  no  question  that  ultimately  these  institutions 
will  have  to  be  removed  from  the  centres  of  large  populations  where 
there  are  great  applications  of  electricity,  unless  the  methods  adopted 
in  those  institutions  can  be  so  ordered  as  not  to  be  interfered  with 
by  such  applications.  Fortunately  we  have  at  the  Board  of  Trade  a 
striking  object-lesson.  As  far  as  I  know,  the  Board  of  Trade  electrical 
standards  laboratory  is  the  only  electrical  institution  in  England  which 
is  legally  obliged  to  be  accurate.     It  is  laid  out  in  such  a  way,  the 

nonsible  officials  say,  that  although  they  are  in  the  heart  of  London 

do  not  mind  what  electrical  applications  are  made  in  London  ; 

irrangements  are  such  that  they  can  carry  on  their  work  with  the 

::y  demanded  by  law  without  any  reference  to  what  is  going  on 
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cmtsk^  That  does  doc  tooch  the  question  ot  mea^cnng  the  mAS^TX^ti^^n  ^-  ^"  '*"' 
of  the  earth.  Bat  snrdy  that  sboukl  be  taea^uncd  whcix  it  i$i  the  m^- 
nedsm  of  the  earth  and  not  that  doc  to  the  af  j^:catk-^n  ot  c\v;:iciiy 
to  the  use  and  senrice  ot  man  There  was  a  ca>ae  in  Loiniv^n  v>l  an 
institution,  whose  work  I  woold  not  for  a  moment  deprxxiate,  whciX'  the 
influence  of  that  institution  was  exerted  MicccssfuHy  to  prc\xnt  wh^t 
would  have  been  a  very  great  con\>2nience  to  the  popnUlion  of 
London,  the  running  of  an  underground  electric  railw-iy.  It  is  ditftcuU 
to  speak  calmly  of  such  an  action.  There  was  no  soi  t  of  pix>jHM  tion 
between  the  two  into^sts  ;  yet,  though  the  object  of  the  sclicme  was  so 
excellent,  the  smaller  interests  were  allowed  to  btuid  in  the  way  of  the 
benefit  and  the  convenience  of  the  population  of  London. 

Mr.  C.  O.  Mailloux:  The  subject  has  been  so  \\*eU  d^^cu^^ed  it  jj*^ 
has  been  nearly  exhausted  already — that  there  is  wrv  little  to  l>c 
added.  There  is  one  point  only  which  I  think  has  not  \*et  been  fully 
discussed.  In  our  country  we  would  take  a  broader  interpretation  of 
the  topic  of  discussion  than  is  being  taken  here.  The  effects  produceil 
upon  certain  industries  oftentimes  effect  the  feasibility  of  the  industry, 
and  in  this  connection  I  have  been  able  to  note  the  practical  difference 
between  the  two  systems,  and  the  one  which  in  fact  determines  the 
feasibility  of  either  one,  or  its  want  of  adaptability,  according  to  the 
case.  One  of  the  important  points,  which  it  seems  to  me  has  been 
neglected,  is  the  influence  of  the  power  factor  in  the  case  of  the  alter- 
nating current.  My  colleague,  Professor  Crocker,  has  pointed  out  quite 
clearly  the  similarity  in  results  obtainable  between  the  alternating  and 
the  direct-current  motors.  He  has  also  pointed  out  that  at  constant 
speed  they  work  quite  alike.  But  he  has  neglected  to  note  that  tiie 
influence  of  ithe  power  factor  on  alternating  currents  is  a  matter  of 
importance.  As  we  know,  when  the  electromotive  force  of  the  source 
of  supply  of  a  direct-current  shunt-wound  motor  varies,  the  magnetic 
field  of  the  motor  varies,  but  that  has  the  effect  of  merely  changing  the 
armature  current  to  an  extent  necessary  to  maintain  the  speed  ;  so  that 
although .  there  is  speed  fluctuation,  it  is  not  so  great  as  when  the 
electromotive  force  varies  in  the  case  of  the  alternating-current  motor, 
because  the  speed  is  in  this  case  a  higher  function  of  the  electromotive 
force.  In  our  country  we  have  several  isolated  plants  which  assume 
the  dignity  and  importance  of  central  stations.  It  is  not  uncommon 
for  us  to  have  isolated  plants  of  one  thousand  to  three  thousand  horse 
power,  which  distribute  energy  over  a  zone  of  about  half  a  mile  radius. 
It  i:>  under  such  conditions  that  these  difficulties  are  to  be  noticed.  I 
remember  an  instance  where  a  certain  process  for  manufacturing 
cofifee  was  employed,  the  electric  current  for  which  was  furnished  fioni 
A  f>ower  station  which  also  supplied  hghts  to  the  district.  It  was  found 
that  owing  to  the  enormous  wattless  current  produced  at  the  starting  of 
the  motors,  on  many  occasions  the  line  and  even  the  generator  >  would 
be  overloaded,  the  result  being  that  the  current  supply  wa->  cut  off  by 
the  fuses  blowing  off,  and  that  the  machinery  which  was  UM;d  in  that 
coffee  mill  was  put  out  of  action,  oftentimes  at  critical  moments,  when 
the  stoppage  meant  great  loss.  The  alternating-current  motor  system 
became  absolotely  inadmissible  in  this  case  from  that  circum^Uncc,  and 
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had  to  be  abandoned.    One  of  the  great  objections,  as  you  know,  to  the 
alternating-current  motor  of  to-day  is  the  fact  that  it  takes  such  a  large 
current  at  the  time  of  starting.     Its  large  wattless  component  is  a 
serious  matter,  affecting  as  it  does  the  working  capacity  of  a  line  where 
the  motors  are  constantly  stopping  and  starting.    Where  all  the  motors 
are  running  together  at  an  approiumately  constant  load  and  at  constant 
speed,  the  problem  is  simple,  and  there  are  no  industrial  reasons  why 
the  alternating  current  should  not  be  placed  upon  an  equal  footing 
with  the  other.     But  where  the  motors  are  constantly  stopping  and 
starting,  and  especially  where  the  distribution  of  power  is  constantly 
changing,  and  also  where  you  load  certain  feeders  more  than  others,  the 
disturbance  becomes  ver\'  important    It  has  to  be  seriously  taken  into 
consideration  by  the  designing  engineer  in  la\4ng  out  the  plant.     I 
have  had  occasion  to  instal  a  plant  in  a  sugar  refinery  which  required 
2,000    H.P.,    and   it  was   decided    to  adhere    to    continuous-current 
motors  partly  for  these  reasons,  and  also  for  the  reason  that  in  cases 
where  variable  speeds    are  required,  and  where  the    machinery  is 
required  to  run  at  intermediate  speeds,  there  can  be  no  question  tliat 
the  direct-current  system  is  at  the    present  time  the  most  suitable, 
if  not  indeed  the  only  feasible  one.     I  wish  in  this  connection  to  speak 
of  the  pertinent  remarks  made  by  our  French  colleague  in  reference  to 
one  of  the  features,  one  of  the  industrial  conditions,  which  oftentimes 
influences  the  selection  of  systems.    I  refer  to  the  cost  of  the  wiring. 
It  is  true  that  to-day,  at  least  for  the  larger  distributing  conductors  in 
buildings,  and  within  a  short   radius,  as  well  as  for    underground 
purposes  (where  we  are  obliged  to  use  concentric  or  twisted  con- 
ductors), the  cost  of  the  wiring  is  necessarily  much  greater  than  in  the 
smaller  branches  and  net  works,  such  as  the  local  lines  or  mains  which 
lun  to  individual   motors.     In   our  country  the  problem  is,  to  some 
extent,  solved,  since  we  use  iron  conduits  any  way  for  these  lines. 
Our  insurance  regulations  prescribe,  indeed  practically  compel,  the  use 
of  iron   conduits  for  the  smaller   lines,  and,   usually,   we  have   two 
conductors,  twisted  or  concentric,   as  the  case  may  be,  laid  in  iron 
conduit,  whether  the  circuit  work  be  used  for  direct  or  for  alternating 
currents ;  but  in  the  case  of  the  larger  conductors  the  arrangement 
need   not  necessarily  be  the  same  in   both   cases.    With  alternating 
current  we  must   still  use  a  twin  or  duplex  conductor  laid  in   iron 
conduit,  to  keep  down  the  reactance  drop.     With  direct  current  there 
is  no  reactance,  and  wc  are  not  compelled  to  use  twin  conductors.     It 
is  often  found  to  be  very  much  cheaper  to  use  two  separate  conduits, 
and  two  ready-made  single  conductors  (especially  in  the  case  of  the 
larger  feeders  or  mains),  than  to  use  one  single  conduit  very  much 
larger  in  size  and  a  cable  specially  made  at  relatively  great  expense. 
The  mechanical  difftculties  in  laying  the  larger  conduits,  their  greater 
obtrusiveness  and  the  greater  space  occupied  by  them,  especially  at 
bends,  turns,  offsets,  &c.,  would  be  sufficiently  objectionable  even  if 
they  did  not,  as  they  do,  in  most  cases,  make  the  cost  relatively  greater. 
Professor   Silvan  us  Thompson  :    We  have  had    no   observations 
wh?*  the  relative  interference  of  alternating  and  continuous 

V  ^  ship.     It  is  of  absolutely  vital  importance  that  there 
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shall  be  no  interference  with  the    magnetism  of  the  compass,  and   jJSf^^n 

yet,  extraordinary  as  it  may  seem,  almost  all  ships  that  are  equipped 

with  the  electric  light  are  equipped  with  continuous  current  apparatus. 

I  never  could  understand  why  that  was.    Some  of  the  earliest  vessels 

had  alternating  currents  on  a  three-wire  system,  with  the  skin  of  the  ship 

serving  as  a  middle  wire,  but  this  system  was  succeeded  by  one  with 

the  very  worst  kind  of  continuous-current  generator  which  could  be 

put  on  board,  viz.,  the  bi-polar.     I  hope  to  see  a  complete  revulsion 

in  ship-fitting  from  this  plan. 

No  reference  has  been  made  to  the  somewhat  greater  danger  of 
fire  that  exists  where  conductors  are  carried  through  damp  places 
if  those  conductors  are  served  with  continuous  current.  Electrolysis 
beginning  at  some  leak  will  develop  a  current  which  eventually  heats 
and  destroys  the  insulation  at  that  point,  and  thus  originates  a  fire. 
With  an  alternating  current  you  are  less  likely  to  have  that  occurrence. 
On  the  other  hand,  I  suppose  ^witch-makers  will  tell  us  that  alternating 
switches  are  more  expensive  than  continuous.  No  one  has  mentioned 
that  while  for  arc-hghting  admittedly  there  is  some  advantage  in  using 
continuous  currents,  for  glow-lamps  there  is  an  advantage  in  using  the 
alternating  current.  Not  that  there  is  any  higher  efficiency  :  that 
fallacy  has  long  been  disposed  of  ;  but  if  you  use  a  continuous  current 
for  glow-lamp  purposes,  and  the  distribution  is  to  take  place  over  any 
large  area,  it  becomes  absolutely  necessary  to  go  to  the  high-voltage 
lamps  working  200  to  250  volts.  Now  any  one  who  has  taken  the 
trouble  to  measure  the  reputed  efficiency  of  high-voltage  glow-lamps 
will  know  how  inferior  they  are  to  the  loo-volt  glow-lamps  ;  things 
which  are  supposed  to  be  taking  3^  watts  per  candle  being  found 
actually  to  take  6,  7,  and  8  watts  per  candle.  I  think  there  will  be 
a  great  revulsion  when  the  facts  are  known  about  the  inefficiency 
of  high-voltage  glow-lamps.  I  prefer  to  have  50-volt  glow-lamps  ;  they 
are  better  in  every  way,  and  last  longer.  This  is  impracticable  with  a 
continuous  current,  but  with  the  alternating  current  it  can  be  done 
where  there  are  house-to-house  transformers ;  and  so,  using  low 
voltage  lamps,  you  can  work  to  a  much  greater  distance  with  alternating 
than  with  a  continuous  current. 

I  was  sorry  to  hear  Dr.  Kennelly  rake  up  the  fallacy  of  there  being 
a  greater  danger  to  persons  from  the  alternating  than  from  the  con- 
tinuous current.  But  that  is  a  revival  of  a  bit  of  the  old  electio- 
politics.  WTien  people  wanted  to  damn  the  prospects  of  alternating 
currents  and  show  how  much  better  they  were  for  electrocution,  this 
was  the  line  they  took.  I  hope  those  arguments  have  disappeared.  I 
think  there  is  some  evidence  that  the  alternating  current  is  not  so 
dangerous  as  the  continuous  current ;  that  the  shock  which  is  given  by 
the  alternating  currents  throws  backwards  the  unfortunate  person  who 
receives  it,  and  does  not  contract  his  muscles  upon  the  conductor 
in  the  way  that  a  continuous  current  does.  The  researches  of  Prof. 
H.  F.  Weber  must  not  be  overlooked.  I  prefer  to  leave  that  question 
to  M.  d'Arsonval,  who  understands  these  electro-physiological  e£Fects 
better  than  we  electrical  engineers. 

Professor  Ayrton  raised  the  question  of  the  electrolysis  produced 
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'Ij^Jj^  by  the  alternating  currents.  Might  I  point  out  that  the  question 
whether  alternating  current  will,  in  any  given  circumstances,  produce 
continuous  electrolysis  depends  very  largely  u|>on  the  question  of  the 
relative  area  of  the  electrodes  employed  and  the  density  of  the  current. 
Because  whether  gas  is  disengaged  at  that  area  or  not  during  the 
period  depends  on  the  density  to  which  that  gas  accumulates,  and 
whether  it  is  given  off.  In  fact  the  question  whether  the  polarisation 
becomes  irreversible  or  not  is  very  largely  a  question  of  scale. 

Lastly,  I  will  draw  attention  to  certain  points  connected  with 
electric  traction  on  a  large  scale.  I  re-echo  the  suggestion  of  Mr. 
Mordey,  that  it  is  well  worth  while  for  one  who  has  not  seen  those 
electric  railways  in  Switzerland  to  visit  them,  and  to  see  how  admirably 
the  three-pliase  current  is  adapted  for  starting  trains  under  the  most 
severe  circumstances  possible.  It  is  known  from  the  experiments 
of  Professor  Carus-Wilson  that  the  difficulty  of  the  acceleration  of 
the  motor  at  starting  is  after  all  imaginary ;  and  that  it  requires  an 
extra  percentage  of  current  is  also  a  fallacy.  Every  motor  started 
upon  a  load  takes  more  current  than  when  running  on  that  load  ; 
and  this  is  true  also  of  the  tri-phase  motor.  The  current  required 
to  produce  rapid  accleration  is  even  more  important  than  the  starting- 
torque  ;  and  the  three-phase  system,  instead  of  being  worse,  is  distinctly 
better.  • 

We  have  had  in  London  several  recent  object-lessons  on  electric 
traction.  One  of  them  has  been,  from  one  point  of  view,  a  gigantic 
success,  but  also  a  total  failure.  Little  more  than  a  year  ago  we 
were  told  that  one  of  our  millionaire  railway  companies  had  put  down 
a  sum  of,  I  think,  ;£3o,ooo,  to  have  experiments  tried  upon  the  Under- 
ground Railway.  I  referred  nearly  a  year  ago  to  this  supposed 
experiment,  and  pointed  out  that  the  one  experiment  which  was 
wanted  for  electric  traction  was  to  ascertain  whether  a  three-phase 
motor  arrangement  would  be  better  than  a  continuous  one.  We  knew 
pretty  well,  but  we  wanted  it  tested,  we  wanted  a  verification.  That 
experiment  has  not  yet  been  tried.  There  were  called  in  several 
engineers  of  the  highest  distinction,  and  they  were  aided  by  the 
constructional  ability  of  Messrs.  Siemens  Brothers.  But  the  only  thing 
which  has  been  tried,  notwithstanding  that  all  the  resources  of  a  great 
railway  company  stood  behind  the  experimentation— I  say  it  before 
Sir  William  Preece's  face — all  that  they  have  succeeded  in  doing  is 
merely  carrying  out  on  a  large  scale  what  was  done  at  Gross  Lichterfelde, 
by  Siemens  and  Halskc,  fifteen  years  ago,  viz.,  establish  the  fact  that 
you  can  drive  by  the  continuous  current,  using  conducting  rails  put 
beside  the  ordinary  rails.  The  London  press  has  pronounced  this 
experiment  to  be  a  perfect  success.  I  regard  it,  on  the  contrary,  as 
an  abject  failure,  inasmuch  as  it  gave  us  no  further  information. 

Lastly,  if  you  are  going  to  have,  as  I  think  we  shall  have,  trains 
running  at  loo  or  even  150  miles  an  hour,  driven  electrically,  there 
will  be  no  chance  of  success  if  we  have  to  depend  upon  a  motor 
which  has  got  a  commutator  upon  it.  I  speak  of  a  new  growing 
'■^terest,  viz.,  exceedingly  rapid  transit,  and  I  venture  to  say  that 
exceedingly  rapid  transit  the  only  chance  of  possible  success  is 
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to  take  adrantage  of  dutt  ^mHadti  is  the  finest  thing  of  aD  in  ckctrical  ^^^ 
engiDecriiig,  the  perfect  flenfaOity  and  adaptability  to  requirements 
afiForded  by  the  current  when  that  csnrent  is  an  altcmatini;  one, 

Mr.  H.  Ward  Leoxard  :  I  have  a  fair  acquaintance  with  what  can  JJJ^^^^ 
be  accomplished  with  the  continnoos  current  as  regards  large  starting- 
torqoe  with  a  small  amofont  of  energ\\  and  have  ^ven  considerabie 
attention  to  the  operation  of  large  motors  whic^  have  to  be  started 
noder  very  heavy  loads,  and  operated  at  different  s^y^ds  and  reversed, 

I  have  lately  seen  one  of  the  recent  installations  einplo>ing  three> 
phase  motors  upon  railway  work  in  Switzerland,  and  I  must  say  that 
w^hen  the  car  was  started  it  seemed  to  me  as  though  there  were  about 
one  donkey-power  doing  the  accelerating.  It  did  not  convey  the 
impression  to  my  mind  of  being  able,  with  moderate  power,  to  pHXxluce 
the  heav\-  starting-torque  required  for  the  rapid  accel^ation  which  is 
such  an  important  factor  in  electric  railway  work  and  many  other 
important  apphcations  of  electric  motors. 

Perhaps  my  views  on  this  point  are  a  little  biassed,  but  it  seems 
to  me  that  when  we  consider  large  railway  motors  the  most  important 
points  are  :  rapid  acceleration,  small  starting  energ\%  perfect  and 
simple  control  and  ease  of  reversing,  and  the  restoration  into  the 
circuit  of  the  energy  at  present  wasted  upon  the  brakes. 

We  find  the  possibilit>'  of  obtaining  all  of  these  points  in  the 
continuous  current  to  a  degree  to  which  there  is  no  promise  as  yet 
in  the  alternating  current 

WTien  we  consider  the  question  of  electrolysis,  we  arc  met  with 
difficulties  in  attempting  to  use  a  continuous  current  in  the  ground 
return  circuit,  which  seem  insuperable  except  by  capital  expenditures 
which  arc  entirely  uncommerciaL 

When  we  wish  to  transmit  very  large  amounts  of  energy  over  the 
long  distances  which  are  desirable,  we  all  agree  that  the  alternating 
current  is  the  only  suitable  one  for  the  purpose. 

These  considerations  have,  for  many  years  past,  made  me  believe 
that  we  ought  to  use  the  alternating  current  for  the  generation  and 
transmission  of  our  energy,  and  that  we  should  have  upon  the  moving 
vehicle  some  means  of  transforming  the  alternating  current  into  a 
continuous  current  of  controllable  E.M.F:,  and  that  we  should  use  this 
continuous  current  of  variable  E.M.F.  for  operating  the  propelling 
motors  at  the  variable  speeds  required  in  practice. 

These  arrangements  would  give  us  large  starting-torque  with  a 
small  consumption  of  energy,  and  even  in  the  case  of  the  largest 
motors  will  give  perfect  control  at  any  desired  speed  and  simplicity 
in  reversing.  It  eliminates  all  difficulties  due  to  the  electrolytic  action 
of  the  continuous  current  in  the  ground  circuit.  It  gives  us  the  power 
to  employ  motors  of  practically  unlimited  power  at  practically  un- 
limited distances  for  railway  and  other  variable  speed  uses,  and  entirely 
eliminates  the  expensive  and  inefficient  sub-stations  of  to-day. 

It  seems  to  me  that  the  electric  railway  is  the  application  of  electric 
power  which  is  going  to  exert  the  determining  influence  upon  the 
methods  of  using  electric  energy  in  the  future,  especially  the  railway 
motors  of  very  large  size ;  and  it  seems  to  me  a  significant  fact  that. 
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Mr.  Ward 
Lcooard. 


Professor 
Perry. 


after  twelve  years  of  development  by  the  leading  engineers  of  all 
countries,  there  are  no  alternating  current  motors  exhibited  at  this 
exposition  for  railway  service  or  any  other  duty  having  similar  require- 
ments. 

Professor  Perry  :  Mr.  Carl  Hering,  M.  Mascart  and  I  waive  our 
right  to  say  anything  on  this  question,  although  we  could,  of  course, 
join  heartily  on  one  or  other  side.  I  beg  to  say  that  we  think  it  better 
to  have  no  vote  upon  this  discussion  as  it  is  an  incomplete  discussion — 
one  which  is  adjourned.  The  specimen  sent  by  the  Board  of  Trade 
will  be  on  view  in  our  room  in  the  British  Pavilion. 

At  the  conclusion  of  the  discussion,  brief  references  to  certain 
objects  possessing  special  or  novel  interest  in  the  electrical  sections  of 
the  International  Exhibition  were  made  successively  by  M.  Hospitalier, 
Major-General  Webber,  Mr.  Gavey,  and  Mr.  Hering.  Summaries  of 
their  remarks  are  appended,  with  the  exception  of  those  of  Mr.  Gavey, 
who  has  expanded  his  account  of  Class  26  into  a  paper  to  be  read 
before  the  Institution  in  November  (see  page  73). 


NOTICE   OF   EXHIBITS    IN   CLASS   23    IN   THE 

PARIS   EXHIBITION. 

PRODUCTION  ET  UTILISATION  MECAXIQUES  DE   VELECTRICITE. 

By  E.  Hospitalier. 

In  the  Universal  and  International  Exhibition  of  1900, 
a  whole  group  (Group  V.)  is  devoted  to  the  subject  of  Elec- 
tricity ;  and  this  group  is  divided  into  five  classes,  numbered 
23  to  27,  of  which  the  first-named  (Class  23)  is  entitled,  Pro- 
duction et  Utilisation  Mccaniqnes  dc  I'^lcdricitL  In  the  short 
space  of  time  at  my  disposal  I  can  only  refer  to  the  machines 
and  apparatus  possessing  the  most  novel  interest  in  this 
class,  and  I  ask  your  indulgence  if  my  enumeration  of  these 
is  somewhat  suggestive  of  a  catalogue. 

Continuous  Current  Dynamos. — Progress  since  1889  in 
this  class  of  machine  is  evidenced  mainly  in  the  constantly 
increasing  power  of  the  machines.  The  dynamos  exhibited 
by  the  firm  of  Siemens  Bros,  and  Co.,  of  London,  and 
M.  Thupy's  constant-current  dynamo  shown  by  the  Com- 
pagnie  de  1' Industrie  Electrique,  of  Geneva,  merit  special 
examination. 
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Alternators. — ^The  most  powerful  alternator  shown  is  that 
of  the  Allgemeine  Elektricitats  Gesellschaft  (3,000  KW.)- 
We  should  regard  as  evidence  of  progress  made  since  1889 
the  amortissetir  ol  M.  Maurice  Leblanc  (Joseph  Farcot)  which 
facilitates  the  coupling  of  alternators  and  their  maintenance 
in  synchronism,  and  the  compounding  exciters  of  M. 
Boucherot  (Maison  Br6guet)  on  the  one  hand,  and  of  M. 
Maurice  Leblanc  (Maison  Grammont)  on  the  other  hand, 
which  permit  the  maintenance  of  constant  potential,  irre- 
spective of  variations  of  the  load  and  of  the  shifting  of  phase. 
The  powerful  asynchronous  three-phase  motors  of  the 
Westinghouse  Electric  Co.,  which  operate  the  moving  plat- 
form and  the  electric  railway  within  the  Exhibition,  are  of 
very  great  interest  and  deserve  a  special  visit.  In  1889 
simple  alternating  currents,  now  known  as  monophase,  were 
alone  in  evidence,  but  to-day  the  greater  number  of  the 
generating  groups  and  of  the  machines  exhibited  are  run  by 
polyphase  alternating  current  dynamos.  All  these  generating 
groups  are  worth  a  visit,  and  to  avoid  invidious  distinctions 
I  prefer  not  to  mention  any  one  of  them  in  particular. 

As  a  step  towards  determining  the  limit  of  pressure  that 
may  be  obtained  direct  from  alternate-current  generators, 
without  using  transformers,  the  Soci6t6  T^clairage  Elec- 
trique  has  constructed  an  alternator  generating  at  30,000 
volts,  which  is  worthy  of  special  attention. 

Transfortners  and  Converters. — Transformers  for  con- 
verting alternating  into  alternating  current  call  for  no  special 
remark;  but  the  Soci6t6  Alsacienne  de  Constructions 
M6caniques  show  a  very  interesting  booster  for  three-phase 
currents. 

Motor-generators  and  Rotatory  Converters,  which  were 
not  in  evidence  at  all  in  1889,  play  a  very  important  part  in 
1900,  and  1  would  call  attention  specially  to  the  six-phase 
converter  of  the  Society  Alsacienne  de  Constructions 
M^caniques,  to  the  converter  shown  by  the  Soci6t6  d'Elec- 
tricit6  Alioth,  and  to  M.  Maurice  Leblanc's  converter  with 
fixed  magnetic  and  electric  circuits. 

Cables, — Great  progress  has  been  made  since  1889  in  the 
manufacture  of  cables,  and  very  remarkable  experiments 
are  daily  made  by  the  Allgemeine  Elektricitats  Gesellschaft, 
the  firm  of  Pirelli  (of  Milan),  and  the  Soci6t6  des  Cables 
Berthond  Borel  et  Cie.,  to  illustrate  the  resistance  of  cables 
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at  high  pressure  to  disruptive  discharges,  and  to  demonstrate 
their  electrostatic  rigidity. 

Accessories. — The  handling  of  currents  of  great  intensity 
or  of  high  pressure  has  compelled  constructors  to  study  a 
special  apparatus  which  had  no  existence  in  1889,  and  of 
which  some  idea  may  be  gained  by  a  visit  to  the  two  switch- 
boards of  the  Exhibition  for  conveying  the  current  from 
the  groups  of  generators  to  the  mains,  the  one  for  con- 
tinuous, the  other  for  alternating — single-,  two-,  or  three- 
phase — currents.  In  the  section  of  foreign  generators 
Messrs.  Siemens  and  Halske  exhibit  some  extremely 
interesting  experiments  (in  order  to  demonstrate  the  efficacy 
of  their  horned  lightning  arresters)  in  the  production  of 
electric  flames,  nearly  two  meters  in  length  at  the  moment 
of  extinction,  in  which  from  300  to  400  KW.  of  energy  are* 
utilised,  and  producing  a  temperature  sufficient  to  cause  the 
direct  combination  of  atmospheric  oxygen  and  nitrogen. 

Motors, — Tramway  and  automobile  motors  show  many 
novelties  in  comparison  with  the  corresponding  class  of 
exhibits  in  1889,  when  the  earliest  industrial  tramway  motors 
timidly  made  their  first  appearance.  Alternate-current  motors, 
whether  simple  or  polyphase,  were  then  unknown,  as  well 
as  special  devices  for  starting,  of  which  the  Exhibition 
contains  a  Certain  number  of  interesting  examples,  among 
them  being  those  of  M.  Boucherot,  M.  Max  D6ri,  and 
M.  Fischer-Hinnen. 

Applications. — The  mechanical  applications  of  electricity 
in  the  Exhibition  are  innumerable,  the  machine-tools 
actuated  by  electric  motors  varying  infinitely  and  defying 
enumeration. 

I  will  now  give  place  to  Major-General  Webber,  who  will 
refer  to  the  exhibits  in  Class  27,  as  I  have  endeavoured  to 
do  to  those  in  Class  23. 
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NOTICE   OF   EXHIBITS   IX  CLASS   27   IX   THE 

PARIS   EXHIBITIOX. 

APPLICATIOXS  DIVERSES  D' i,LECTRlClTL 

By  Major-General  C.  E.  Webber,  C.B.,  P^t-President, 

Institution  of  Electrical  Engineers. 

This  class  includes  scientific  apparatus  used  in  Electri- 
cal Laboratory  Work;  Electrical  Measuring  Instruments; 
Instruments  and  Apparatus  used  in  Electrotherapeutics; 
the  Electric  Measuring  of  Time ;  Electrical  Instruments 
and  Apparatus  used  in  Railways  and  on  Public  Works,  and 
various  other  special  applications. 

In  Class  27  the  history  of  the  development  of  instruments 
of  precision  and  of  measurement  is  illustrated  in  the  hall  of 
the  Mus6e  Centennal  d'lfelectricitd,  which  contains  249  ex- 
hibits and  210  books  and  manuscripts.  The  earliest  of  the 
former  is  a  Coulomb  balance,  dated  1785,  and  of  the  latter 
a  volume  on  the  nature  of  magnetism,  by  J.  T.  Hannonio, 
dated  1562. 

In  the  memoir  on  the  subject  of  instruments  of  precision 
drawn  up  by  the  Commission  and  published  in  the  French 
catalogue,  we  find  the  following  : — 

"  Les  circonstances,  en  r6servant  a  TAngleterre  les 
premieres  operations  de  cette  delicate  initiative,  lui  auront 
valu  I'honneur  d'avoir  jet6  les  bases  solides  sur  lesquelles 
a  6t6  6rig6  depuis,  I'edifice  actuel  de  la  science  electrique." 

The  design  of  those  who  are  responsible  for  this  part  of 
the  classification  of  objects  exhibited  in  Class  27,  namely 
instruments  of  precision,  appears  to  be  one  that  should  be 
applauded  by  both  engineers  and  physicists,  because  it  is 
intended  to  emphasise  the  practical  spirit  of  the  scientist 
and  the  scientific  attainments  of  the  engineer,  by  showing 
that  those  instruments  which  in  the  hands  of  the  savant 
are  used  for  theoretical  discovery,  also  assist  the  electrical 
engineer  in  his  workshop,  and  in  his  practical  application 
of  the  use  of  electrical  energy  to  the  daily  use  of  mankind. 

At  the  head  of  the  list  of  exhibitors  in  Class  27,  of  what 
may  be  called  instruments  of  precision,  stand  Mons.  Jules 
Carpentier,  of  Paris,  and  Messrs.  Siemens  and  Halske,  of 
Berlin.  These  are  followed  in  merit  by  Ducretet,  Gramme, 
Abdank,   and  Gaiffe,  of   Paris ;    Professor   Edelmann,   of 
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Munich ;  James  White,  of  Glasgow ;  also  Professor  R. 
Arno,  of  Italy,  Hartmann  and  Braun,  of  Frankfort-on-Main, 
and  Ganz,  of  Buda  Pest. 

It  was    unfortunate   that    the    merits  of    the  Weston 
Electrical    Instrument  Company  of  New  Jersey  were  not. 
sufficiently  displayed  by  the   variety  of  the   objects   they 
exhibited. 

The  Scientific  Instrument  Company  of  Cambridge,  of 
which  Professor  Darwin  is  the  directing  genius,  have  placed 
their  Callender's  Patent  Electric  Recorder,  and  their 
Duddell's  oscillograph  in  Class  15,  where  their  great  merits 
might  have  escaped  attention  but  for  my  successful  efforts 
to  have  them  examined  by  the  jury  of  Class  27. 

Although  the  apparent  intention  of  the  French  classifi- 
cation was  to  keep  all  electrical  measuring  instruments  for 
scientific  purposes  in  Group  V.,  a  large  number  of  the  best 
have  been  exhibited  by  foreign  countries — especially  by 
Germany — amongst  the  philosophical  instruments  in  Class 
15,  Group  III.  Amongst  these  is  the  Reichsanstalt  standard 
dynamometer. 

The  instruments  manufactured  and  exhibited  by  Siemens 
and  Halske,  by  Jules  Carpentier,  and  for  Lord  Kelvin  by 
James  White,  are  too  well  known  for  their  accuracy  and 
perfection  of.  workmanship  to  require  any  description  on 
my  part.  A  careful  inspection  of  these  exhibits  would 
alone  occupy  many  hours. 

After  those  exhibits  to  which  1  have  referred  as  meriting 
the  highest  awards,  our  members  cannot  do  better  than 
make  a  careful  inspection  of  the  exhibits  of  measuring 
instruments  by  Ducretet  and  by  Gaiffe. 

The  comparison  in  each  branch  of  this  manufacture, 
which  impressed  itself  on  me  between  1878,  when  I  was 
British  juror  dealing  with  similar  objects  and  when  these 
manufacturers  were  in  the  infant  stage  of  their  work,  and 
in  1900,  is  a  startling  revelation  of  the  development  which 
one  generation  has  made  in  these  appliances  which  are  now 
indispensable. 

From  the  point  of  view  of  the  needs  of  the  electrical 

engineer,  the  potentiometers  exhibited  by  Messrs.  Crompton, 

by  Messrs.  Braun  and  Hartmann,  by  J.  Carpentier  and  by 

-^ux,  represent  distinct  types  of  form  for  instruments  all 

^  similar  uses.     Messrs.  Braun  and  Hartmann's  work 
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is  especially  noteworthy  for  its  excellence  of  design  and 
small  cost 

But  it  is  in  the  application  of  electricity  to  therapeutics, 
that  this  exhibition  presents  appliances  of  perhaps  greatest 
ingenuity.  Although  in  the  United  States  invention  has 
perhaps  made  in  the  past  some  original  advances  in  this 
direction,  there  is  nothing  worth  mentioning  shown  at  Paris 
by  that  country,  except,  perhaps,  an  electro-magnet  for 
extracting  metallic  substances  from  the  human  eye,  ex- 
hibited by  E;  B.  Meyrowitz,  of  New  York. 

In  the  French  section  of  this  speciality,  however,  we 
find  everywhere  the  triumphant  results  of  the  scientific  life- 
work  of  Dr.  d'Arsonval,  Director-General  in  the  College  dc 
France^  of  the  senior  school  and  laboratory  which  teaches 
biological  physics,  a  school  which  has  been  entirely  created 
by  that  celebrated  scientist.  The  instruments,  the  origin  , 
and  design  of  many  of  which  are  due  to  his  researches,  are 
made  and  exhibited  by  Louis  Bonetti,  Breguet,  C.  Chardin, 
Gaiflfe,  J.  Gu6net,  Radiguet  and  Massiot,  and  notably  by  C. 
Verdin — all  of  Paris.  Messes.  Gaiffe's  cage  for  subjecting 
the  human  body  to  high-frequency  radiation,  and  his  self- 
registering  milliampere  meter,  are  worthy  of  note  by  the 
visitor.  To  these  in  the  same  line  may  be  added  Hirsch- 
mann,  of  Berlin. 

From  Germany,  in  Classes  15,  27,  and  30,  there  are  five 
exhibitors  of  electro-medical,  physiological  and  biological 
instruments.  Amongst  these  is  the  Allgemeine  Elektrizitats- 
Gesellschaft. 

The  apparatus  for  applying  currents  of  high  frequency 
in  physiological  research,  and  for  radiography,  which  are 
exhibited  by  the  firms  mentioned  above,  are  the  most 
striking  example  of  the  interest  taken  in  the  application  of 
electricity  to  the  uses  of  medical  science,  as  to  which  there 
is  still  so  much  left  to  the  physiologist  to  discover. 

The  absence  of  Great  Britain  in  this  field  is  so  con- 
spicuous, that  one  wonders  if  our  want  of  practical  enter- 
prise in  this  direction  is  due  to  conditions  of  humidity  of 
climate,  which  opposes  itself  to  success  without  the  use  of 
special  and  expensive  precautions. 

In  Class  27  are  included   some   other  applications  of 
electricity  to  industrial  works. 

There  are  exhibits,  not  however  of  great  note,  in  con- 
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nection  with  time-keeping,  i.  Of  electric  clocks,  in  which 
electricity  is  the  actuator  of  motion  in  each  ;  2,  The  hourly 
or  daily  regulation  of  any  number  of  clocks  connected  with 
a  regulating  timepiece  ;  3.  The  working  of  time-keepers  or 
electro-magnetic  indicators  worked  by  means  of  a  distribut- 
ing timepiece.  All  these  are  included  in  the  French  ex- 
pression "  I' horlogerle  electriqueJ'  A  small  exhibit  of  J.  J. 
Stockall  &  Sons,  of  Clerkenwell  Road,  London,  which  is 
in  Class  96,  in  the  Esplanade  des  Ifivalides,  presents  some 
novel  features.  Except  with  what  is  shown  by  the  Herzog 
Teleseme  Company  of  New  York,  the  United  States,  in  the 
forefront  of  invention,  sends  nothing.  The  house  of  Henry 
Lepante,  11,  Rue  Desnouettes,  Paris,  and  the  Soci6t6 
Industrielle  des  Telephones,  and  d'Arlincourt,  show  high- 
class  work  in  these  respects.  But  in  front  of  all,  as  might 
be  expected,  the  name  of  Peyer,  Favarger  &  Co.,  of  Neu- 
chatel,  stands  pre-eminent. 

The  use  of  electrical  appliances  in  connection  with  the 
working  of  railways  and  other  public  works  has  received 
great  development  on  the  Continent  since  1878.  Neither 
Great  Britain,  or  her  Colonies,  which  at  that  period  (when 
Mr.  Spagnoletti  was  my  co-juror)  was  well  in  advance  in  the 
invention  and  use  of  apparatus  for  railway  working,  has 
sent  one  object  in  this  connection  to  this  (truly)  Great 
International  Exhibition  at  Paris  of  1900.  The  use  of 
solenoids  and  small  motors  for  working  heavy  signals  and 
controlling  gates  at  a  distance,  by  energy  stored  and 
delivered  from  accumulators,  is  illustrated  by  Jules  Gurnet 
and  by  Postel-Vinay,  both  of  Paris.  The  latter  exhibits  in 
Railways.  An  examination  of  what  is  exhibited  by  the  great 
French  railway  companies  in  this  connection  causes  regret, 
even  for  instructional  reasons,  that  England  and  the  United 
States  have  abstained. 

It  is  impossible,  within  the  limits  of  time  allowed  me,  to 
do  more  than  bring  a  few  of  the  special  applications  of  the 
use  of  electrical  energy  to  notice,  and  of  these  there  are  too 
few,  especially  of  exhibits  of  materials  used  in  the  electrical 
industries.  Only  mica  and  micanite,  one  in  the  French,  one 
in  the  United  States  sections,  are  worth  a  visit. 

Of  the  materials  for  primary  batteries  there  is  not  one 
important  show. 

is,  however,  one  interesting  departure  in  electrical 
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uxxi:,  and  in  Clas?.  25  Messrs.  Hartmann  and  Br^iun,  01 
Frankfort,  exhibit  ioparatus  ic\r  measuring  torrostDal 
magnettsm  and  its  Tariatjons,  together  with  a  nTeAn>  ot 
testing  samples  erf  iron. 

There  are  sereraJ  ingenious  fire  and  water  level  indiOAtiM> ; 
and  B.  Ougrimoff,  of  St,  Petersburg,  exhibits  ^n  oleclnc 
boiler  for  heating  steam  to  a  jMX^ssure  for  house  distribution^ 
which  might  be  practical,  though  costly. 

For  piuposes  of  Xaval  equipment  Messi^  Stcincns  ^\\y\ 
Halske  make  a  very  complete  show,  combining  tuoAns  y\\ 
controlling  artillery  and  torpedo  projectiles,  the  stemming 
and  the  steering  from  one  or  several  points  in  a  \vai>hip, 
with  the  use  of  the  pressure  (iio<^  volts)  employed  for  lighting 
the  ship  as  well  as  by  special  moisture-proof  telcpluinoH* 
Their  special  arrangements  for  pneumatically  counter- 
poising heavy  lever  handles,  for  acknowledging  hack  all 
signals  and  calls,  for  synchronising  and  for  ligiilhig  each 
handle,  dial,  and  indicator,  are  well  worthy  of  attention* 
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NOTICE  OF  EXHIBITS  IN  CLASSES  24  AND  25  IN 

THE  PARIS  EXHIBITION. 

ELECTRO-CHEMIE  AXD  ECLAJRAGE  ELECTRIQVE, 

By  Carl  Herixg,  President  of  American  Institute  of 

Electrical  Engineers. 

One  of  the  most  interesting  exhibits  is  that  of  the  Nernst 
lamp,  which  is  shown  in  operation  in  quite  large  numbers 
in  the  pavilion  of  the  Allgemeine  Electricitats  Gesellschaft 
of    Berlin;    The    filament  is  made    chiefly  of   magnesia, 
together  with  some  of  the  rare  earths,  like  thoria  ;    it  is 
shorter  and  thicker  than  in  the  carbon  incandescent  lamp. 
The   lamps  are   now   made  for  220   volts,  continuous  or 
alternating,  and  for  25  and  50  c.p.  and  over  ;  they  therefore 
do  not  compete  directly  with  the  low-candle-power,  low- 
voltage,  carbon-filament  lamp.    The  efficiency  is  1*5  watts 
per  Hefner  candle,  which  is  about  twice  as  good  as  that  of 
the  present  carbon  lamps ;  besides  this  high  efficiency,  it 
has  the  advantage  of  the  high  voltage.     It  is  made  in  two 
forms,  in  one  of  which  the  filament  is  preheated  with  a 
match  or  alcohol  torch,  the  bulb  being  open  ;  and  in  the 
other  it  is  heated  with  a  neighbouring  fine  platinum  wire, 
which  is  automatically  cut  out  of  circuit  when  the  filament 
conducts.    The  filament  has  a  rapidly  falling  temperature 
coefficient,  which  is  a  great  disadvantage,  as  it  would  make 
the  lamp  very  sensitive  to  changes  in  voltage  ;  to  overcome 
this  a  very  fine  iron  wire  is  always  in  series  with  the  fila- 
ment, and  is  so  proportioned  that  for  the  normal  current  it 
is  heated  to  a  temperature  at  which  it  has  a  very  rapidly 
rising  characteristic,  so  that  the  lamp  as  a  whole  is  not  very 
sensitive  to  changes  in  voltage  ;  this  iron  wire  absorbs  about 
10  per  cent,  of  the  voltage.     The  perishable  parts  are  so 
arranged  that  they  are  easily  replaceable  at  a  cost  of  only 
about  25  per  cent,  of  that  of  the  original  lamp. 

The  Bremer  arc  lamp  is  a  novel  departure  of  some 
interest.  The  carbons  contain  certain  metallic  salts  like 
borax,  or  those  of  magnesium  or  calcium,  especially  calcium 
fluoride,  which,  at  the  temperature  of  the  arc,  emit  white 
oxides,  that  deposit  on  receptacles  near  the  arc  and  act 
partly  as  a  white  reflector  and  partly  as  a  Nernst  conductor, 
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forming  a  broad  illuminated  surface,  the  arc  being  4  to 
5  cm.  in  length.     Wedding,  who  is  an  authority,  found  the 
efficiency  to  be  o'i3  watts  per  mean  hemispherical  candle 
The  carbon  consumption    is    about  double    that    of    the 
ordinary  lamp. 

The  Pulsford  method  of  making  a  vacuum  in  lamps  by 
means  of  a  chemical  which  absorbs  the  residual  air,  is 
shown  in  operation  ;  it  is  not  new,  Weismann  shows  a 
system  of  using  very  low  voltage  lamps  with  a  small  trans- 
former for  each  group,  claiming  thereby  to  increase  the 
light  efficiency  by  about  50  per  cent. ;  it  seems  very  doubt- 
ful whether  the  attending  disadvantages  are  not  greater  than 
the  alleged  advantages.  The  enclosed  arc  lamps  which  are 
exhibited,  are  all  American  or  of  American  origin  ;  four  types 
are  exhibited,  in  one  of  which  a  life  of  300  hours  is  claimed : 
the  French  claim  that  the  light  is  too  blue  and  unsteady.  A 
number  of  arc  lamps  of  interest  are  exhibited  in  the  French 
section,  and  they  all  seem  to  burn  very  steadily.  The 
general  type  of  mechanism  is  that  of  the  brake  escapement, 
which  feeds  very  gradually ;  all  the  lamps  are  intended  to 
be  run  on  constant  potential  circuits,  generally  two  in 
series,  but  in  some  cases  as  many  as  three,  and  the 
lamps  are  then  generally  differential,  having  both  a  series 
and  a  shunt  coil ;  some  of  them  are  for  so  small  a  current 
as  two  or  three  amperes,  and  burn  very  well. 

Those  interested  in  search-lights  will  find  some  very  fine 
exhibits,  chiefly  in  the  French  section  ;  also  a  few  in  the 
German  department. 

The  exhibit  of  chandeliers  is  almost  entirely  French,  and 
they  are,  as  a  rule,  very  artistic.  They  are  found  chiefly  in 
the  Gallery  and  in  the  Invalides. 

Three  underground  cable  exhibits  are  shown  in  operation, 
subjected  to  from  25,000  to  30,000  volts,  one  in  the  German 
section,  another  in  the  Italian,  and  a  third  in  the  French. 
In  the  two  former  rubber  is  used,  while  in  the  latter  the 
insulation  is  impregnated  paper  without  any  rubber,  which 
adds  to  the  interest  of  the  exhibit. 

There  are  a  great  many  exhibits  of  meters,  but  it  seems 
that  the  well-known  Thomson  meter  is  the  one  chiefly  used, 
the  French  Company  which  manufactures  it  claiming  to 
make  about  three  hundred  a  day.  This  Company  has  made 
some  improvements  in  it,  and  also  exhibits  two-rate  meters. 
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prepayment,  and  hour  meters.  It  also  exhibits  the  O'Keenan 
meter,  which  is  of  considerable  interest,  as  it  is  a  cheap 
ampere-hour  meter  for  small  consumers ;  it  might  be  said 
to  be  a  d'Arsonval  galvanometer  in  which  the  coil  revolves 
and  registers  the  number  of  revolutions  ;  it  starts  with  as 
small  a  power  as  one  microwatt,  and  registers  as  small 
a  current  as  5J  per  cent,  of  that  of  a  single  lamp  ;  11,000 
are  already  in  use.  A  modification  of  the  Thomson  meter, 
of  some  interest,  is  shown  by  the  Luxsche  Works  in  the 
German  section  ;  the  armature  is  made  of  three  coils  like  in 
the  old  Thomson- Houston  arc  machine,  through  which  the 
current  flows  in  series  instead  of  in  multiple,  as  in  the 
Gramme  ring  form,  and  therefore  the  whole  armature 
becomes  much  lighter,  with  many  attending  advantages. 
The  Aron  pendulum  meter  is  well  exhibited ;  improved 
types  are  shown,  including  a  three-phase  meter.  The 
Holden  periodically  registering  meter,  which  is  shown  in 
operation,  has  several  points  of  interest. 

In  Class  24  (Electrochemistry)  there  are  a  number  of  fine 
exhibits,  though  they  are  hardly  sufficient  in  number  to 
represent  the  true  state  of  the  art.  Among  the  more 
important  may  be  mentioned  the  products  of  Moissan's 
classical  researches ;  also  his  furnace  in  operation.  There 
are  also  several  carbide  furnaces  in  operation  which, 
together  with  a  very  large  ozone  apparatus  for  sterilising 
water,  are  all  shown  in  the  Annexe  for  Electrochemistry. 
The  Acheson  carborundum  is  shown  in  the  American 
mining  section,  and  some  of  the  products  made  from  it  are 
exhibited  in  the  electrical  section.  There  are  two  fine 
exhibits  of  the  Elmore  copper-depositing  process,  in  which 
the  copper  is  deposited  directly  as  a  tube  during  the  refining 
operation.  There  are  quite  a  number  of  exhibits  of  accu- 
mulators, most  of  which  are  French,  and  are  all  together  in 
one  group  ;  there  are  also  several  good  English  exhibits  of 
accumulators.  In  the  French  accumulators  section  there 
are  several  which  are  intended  for  automobiles,  among  which 
may  be  mentioned  the  Fulmen,  Pulvis,  and  the  Phenix. 
An  electrolytic  engraving  apparatus  for  engraving  steel  dies 
by  means  of  a  plaster  of  Paris  mould  saturated  with  an 
electrolyte,  and  lightly  pressed  against  it  while  the  current 
passes,  thus  etching  away  the  metal,  is  shown  in  operation 
in  the  German  section.  The  Goldschmidt  process  of  burning 
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The  Three  Hundred  and  Fiftieth  Ordinary  General 
Meeting  of  the  Institution  was  held  at  the  Institution 
of  Civil  Engineers,  25,  Great  George  Street,  Westminster, 
on  Thursday  evening,  November  8th,  1900 — Professor 
John  Perry,  D.Sc,  F.R.S.,  President,  in  the  Chair. 

The  minutes  of  the  Annual  General  Meeting  held  on 
May  24th,  and  of  the  Extraordinary  General  Meeting  held 
on  August  i6th,  1900,  were  read  and  confirmed. 

The  names  of  new  candidates  for  election  into  the 
Institution  were  announced,  and  it  was  ordered  that  these 
names  should  be  suspended. 

The  following  transfers  were  announced  as  having  been 
approved  by  the  Council : — 

From  the  class  of  Associates  to  that'of  Members— 

C.  Procter  Banham.  |  F.  R  Davenport. 

Edward  Henry  Tyler. 

From  the  class  of  Associates  to  that  of  Associate 
Members — 

Frank  Armstrong.  i  John  Clarence  Lyell. 

Reginald  Henry  Tudor  Drum-  ;  Harold  Window  Morisset. 

mond.  Harold  Skipwith. 

Arthur  Hajtersley.  Frederick  J.  Thompson. 

From  the  class  of  Students  to  that  of  Associates- 
William  Ernest  Few.  |     Captain  Walter  John  Underwood. 

Frank  King  Westbrook. 

From  the  class  of  Members  of  the  Northern  Society  of 
Electrical  Engineers  to  the  class  of  Members — 

A.  Lester  Taylor. 

To  the  class  of  Associate  Members — 

'  A,  Gee.  |  Walter  James  Hide. 

A.  Kelly. 
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To  the  class  of  Associates — 

Joseph  McDermott, 

The  President  i  Before  the  Secretary  reads  the  list  of 
donations  to  the  Library,  Building,  and  Benevolent  Fnnds, 
I  should  like  to  say  that  Colonel  Crompton,  who,  as  you 
are  aware,  has  just  returned  from  South  Africa,  has  pre- 
sented to  the  Institution  an  exploder  used  by  the  Boers  for 
blowing  up  bridges. 

Colonel  R.  E.  Cromptox  :  I  have  carried  this  Dynamo 
Exploder  from  Nelspruit  to  this  room,  which  is  a  journey 
of  nearly  8,000  miles,  in  order  that  the  corps  of  Electrical 
Engineers,  who  are  now  on  their  way  home,  may  present  it 
to  the  Institution.  The  remainder  of  the  officers  and  men 
will  be  in  London  within  a  month  from  this  date,  and  then, 
perhaps,  a  more  formal  presentation  can  be  made. 

At  one  time  during  my  journey  from  Nelspruit  to 
Pretoria  the  Boers  attacked  the  line  just  after  our  train 
had  passed,  and  then  its  re-capture  by  the  Boers  was  very 
probable. 

This  piece  of  apparatus  may  be  interesting  to  you,  as  we 
believe  it  was  the  identical  apparatus  which  was  used  by 
Th6ron  to  blow  up  and  destroy  property  of  immense  %'alue 
in  the  shape  of  railway  bridges,  buildings,  waterworks  and 
the  Hke.  We  thought  that  such  a  trophy  would  be  more 
appropriately  presented  by  members  of  our  profession  than 
the  usual  fragments  of  shell,  rifles,  and  the  like. 

The  President  :  I  may  say  we  are  to  have  an  even 
more  valuable  gift  from  Colonel  Crompton  during  the 
session — a  paper  on  his  experiences  in  South  Africa. 

Donations  to  the  Library,  Building  Fund,  and  Benevolent 
Fund  were  announced  as  having  been  received  since  thp 
last  meeting  from — 

The  Astronomer  Royal,  Mon.  C.  BcranfiL-r,  The  Hai 
Steel  Company,  Mr.  J.  B.  C.  Kershaw,  The  Lords  Com 
the  Admiraity,  Messrs.  Methuen  and  Co.,  Professor  Spooni 
and  Crehore,  Mr.  W,  F.  Stanley  ;  Messrs.  E.  Danvers,  H 
W.  P.  Maycoch,  J.  W.  Meares,  T.  L.  Miller,  J.  Swinbun 
Professor  J,  Epstein,  Mr,  M.  Otagawa,  Foreign  Memlwrn 
Stewart,  Associate.  Building  Fund,  from  Messrs.  E.  B. ' 
Wall.  Leon  Dmgman,  E.  M.  A.  Maiek,  W.  W.  Strode,  A 
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J.  P.  Lawrence,  J.  G.  Wilson,  J.  H.  Garratt,  C.  M.  Renton,  A.  Wray,  C.  E. 
Grove,  R.  Sykes,  J.  Grant,  John  Denham,  Sydney  Evershed,  A.  Stroh, 
A.  C.  Curtis- Hay  ward,  E.  Gimingham,  W.  O.  Rooper,  T.  H.  Harrison, 
W.  E.  Langdon,  C.  Faraday- Proctor,  T.  W.  Tischendorfcr,  E.  Mascart. 
Benevolent  Fundf  from  Messrs.  Jonas  and  Colver,  Limited,  A.  E. 
Whittaker,  F.  W.  Huband,  J.  W.  Smith,  Redfern,  Nalder  Bros,  and 
Thompson,  A.  C.  Cossor,  J.  W.  Barnard,  Thomas  Sanders,  Alfred 
Arculus  and  Co.,  The  British  Electric  Safety  Lamp  Works,  William 
Rickard,  Webb,  Shaw  and  Co.,  Taylor  and  Co.,  T.  W.  Lench,  Limited, 
The  Campbell  Gas  Engine  Company,  The  China  Furniture  and  Electric 
Fittings  Manufacturers  Association,  Davis  and  Timmins,  Limited,  Le 
Carbone,  Anderson,  Anderson  and  Anderson,  Rainsford  and  Lynes, 
F.  Krasa  and  Co.,  Henderson  and  Walker,  Allen  Everett  and  Co., 
Hawkins  Bros,  and  Co.,  J.  G.  Wilson,  The  Electric  Power  Storage 
Company,  "  Anonymous," 

to  whom  the  thanks  of  the  meeting  were  duly  accorded. 

The  President  :  Dr.  Silvanus  Thompson  will  now 
present  the  premiums  to  those  who  have  earned  them  during 
the  last  session,  when  he  was  President  of  the  Institution. 

The  "  Institution  Premium,"   value  £25^  to   Mr.  C.    E.    Grove 

Member. 
The  "  Paris  Electrical  Exhibition  Premium,"  value  ;£io,  to  Mr.  S. 

Evershed,  Associate  Member. 
Two  Extra  Premiums,  value  ;£io  each,  respectively  to  Professor 

George  Forbes,  F.R.S.,  Member,  and  Mr.  H.  M.  Sayers,  Asso- 
ciate Member. 
A  Premium,  value  £^,  to  Mr.  A.  Russell,  Member,  for  an  "  Original 

Communication." 
A  Premium,  value  £Sf  to  Messrs.  C.  C.  Hawkins,  Member,  and  R. 

Wightman,  Associate,  for  an  "Original  Communication." 
The  First  "  Students*  Premium,"  value  ;£io,  to  Mr.  R.  P.  Howgrave- 

Graham,  Student. 
The  Second  "Students*  Premium,*'  value  £s,  to  Mr.  C.  B.  Nixon, 

Student. 
The  Third  "  Students'  Premium,"  value  £$,  to  Mr.  H.  J.  Humphreys, 

Student. 
The  Salomons  Scholarship  to  Mr.  R.  P.  Howgrave-Graham,  a  student 

of  the  Technical  College,  Finsbury. 

Colonel  R.  E.  Crompton  :  The  first  duty  that  has  been 

entrusted  to  me  on  returning  to  this  countiy  is  the  congenial 

one  of  proposing  "  That  the  best  thanks  of  the  members  of 

he  Institution  of  Electrical  Engineers  be  given  to  Professor 

vanus  Thompson  for  the  very  able  manner  in  which  he 

filled  the  office  of  President  during  the  twelve  months, 
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the  towns  and  wcw-t?  of  Sir:tzerlin±  He  wis  •^^eci.-.iN" 
gifted  by  his  lingm>tic  arta:r.:ner,i?.  and  hx  h:>  p.^wrer  iM 
expressing  himseh'  in  German  so  as  to  be  abJe  i,^  i^at  :or 
our  Institution  in  a  gracefid  and  dignined  >ivJe,  wiiich  all 
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Mr.  W.  M.  MORDEY :  I  have  very  great  pleasure  in 
seconding  Colonel  Cromplon's  resolution.  On  account  of 
Colonel  Crompton's  absence  from  England  he  has  had 
perhaps  fewer  opportunities  than  those  who  have  stayed  al 
home  of  seeing  the  work  Professor  Thompson  has  done  for 
this  institution.  All  here  know  with  what  urbanity-,  care, 
and  skill  he  has  conducted  the  general  meetings.  But  the 
President  of  this  Institution  has  much  important  work  (o 
do  besides  that  at  the  general  meetings.  His  part  in  our 
first  visit  abroad  you  all  know.  I  need  hardly  tell  you  that 
in  committee-room  work,  and  the  work  which  has  to  lie 
done  in  organising  the  arrangements,  and  dealing  with  the 
many  matters  that  come  before  (he  institution,  Professor 
Thompson  has  also  rendered  the  highest  service.  1  have 
missed  few  meetings  of  this  Institution  for  about  nineteen 
years,  and  so  1  have  had  some  experience  of  our  Pi'esidents. 
Comparisons  are  to  be  deprecated,  but  I  think  I  may  say  we 
have  had  no  more  successful  President  than  ProfesHor 
Thompson.  1  am  sure  every  future  President  will  feci  thai 
Professor  Thompson  has  made  it  a  dit^cult  task  to  ade- 
quately occupy  the  Presidential  chair. 

If  we  had  more  time  to-night,  1  am  sure,  as  your  appliiii<4(i 
shows,  you  would  like  to  spend  some  of  it  in  cxprcHHJ uy 
more  fully  our  appreciation  of  all  the  BcrviccM  wliifh  lir. 
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Thompson  has  rendered  this  Institution.  They  have  cul- 
minated, liut  they  have  not  ceased,  1  hope,  in  his  occupancy 
of  its  chair. 

The  resolution  was  then  put  by  the  President  and  carried 
by  acclamation. 

Dr.  SiLVANUS  P.  Thompson  :  I  thank  you  very  heartily 
for  this  vote  of  thanks,  particularly  for  the  kind,  the  too 
kind  words,  in  which  it  has  been  moved  and  seconded. 
Every  President  in  his  turn  has  to  do  his  duty,  and  1  have 
tried  to  do  mine.    The  statistics  of  the  Institution  show  that 
we  are  not  yet  at  our  highest  point  of  attainment,  for  the 
curve  of  increase  has  still  an  increasing  upward  slope.     It  is 
quite  clear  that  we  are  making  additional  progress  every 
year.    The  fact  that  in  my  year  of  office  the  increase  has 
been  higher  than  in  any  previous  twelve  months,  is  of  course 
due  to  the  good  work  that  has  been  done  for  years  past  by 
those  who  have  preceded  me  in  the  chair  of  the  Institution, 
and  to  the  work  of  the  officers  of  the  Institution,  the  co- 
operation of  the  members  of    the  Council,  and  of    the 
membership  generally,  working  together  for  the  general 
good.      Evidence  of    this  can   be  seen  not  only  in  the 
statistics  of  membership  but  in  the  facts  as  to  our  resources. 
For  example,  it  is  a  most  gratifying  thing  to  me  to  have 
been  President  during  the  year  when  we  have  added  no  less 
than  £2,140  to  our  Building   Fund.     Of  that  sum,  about 
^470  was  actually  subscribed  last  autumn  in  consequence 
of   an  appeal  we  sent  out ;   about  £181  is  brought  in    by 
interest  in  the  stock  already  invested  for  the  Building  Fund, 
and  ;£i,400  was  transferred  from  the  surplus  of  our  general 
fund  about  a  year  ago.    The  Benevolent  Fund  in  like  manner 
has  grown  by  about  ;£470,  of  which  ^£30  only  is  dividend 
on  stocks  held  for  the  Benevolent  Fund.     Further,  during 
gone  by  we  have  had  that  splendid  gift 
Aide,  our  Honorary  Member,  of  ^£1,500  to 
de  Benevolent  Fund,     We  have  also  been 
I  most  handsome  legacy  of  ^2,000  from 
ast-President,  Professor  Hughes,  to  found 
i  scholarship.    All  this  is  evidence  that  our 
king  good  and  substantial  progress.     Its 
er  and  greater  every  year;  and  knowing 
le  work  that  is  undertaken  by  the  Council 
hich  that  work  is  carried  out,  I,  in  retiring 
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from  the  office  of  President,  am  confident  that  1  may  leave 
the  chair  with  the  satisfaction,  not  merely  of  looking  back 
upon  the  prosperous  year  during  which  I  had  the  honour  of 
occupying  it,  but  of  looking  forward  to  future  years  when 
this  Institution  will  enjoy  even  greater  success  and  attain 
even  greater  influence.  Particularly  confident  may  I  feel 
that  the  chair  is  now  occupied  by  one  so  well  capable  of 
maintaining  its  dignity  and  its  credit,  and  of  wielding 
righteously,  and  for  the  good  of  the  electrical  fraternity, 
its  ever-increasing  influence, 

I  have  had  the  pleasure  and  satisfaction  of  knowing 
Professor  Perry  personally  for  twenty  years,  and  for  twelve 
years  of  that  time  1  was  intimately  associated  with  him  as  a 
colleague  in  daily  intercourse.  And  I  will  say  this,  that  no 
man  on  earth  could  wish  for  a  truer  friend  or  a  more 
completely  perfect  colleague  to  work  with  than  John  Perry, 
your  present  President.  Therefore  I  now  perform  this  last 
duty,  on  retiring  into  the  position  of  ex-President,  of 
congratulating  you  on  your  choice  of  my  successor. 


INAUGURAL    ADDRESS, 

By  Professor  John  Perry,  M.E.,  D.Sc,  F.R,S,, 
President, 

1  do  not  intend  to  make  this  in  any  sense  a  report  of  the 
progress  of  our  Institution  during  the  last  or  any  number 
of  years.  I  shall  not,  therefore,  give  any  account  of  the 
exceedingly  good  work  done  by  Colonel  Crompton  and 
the  active  service  corps  of  our  Electrical  Engineer  Volun- 
teers in  South  Africa.  I  shall  not  describe  how  we  feted 
our  American  cousins  in  England  and  France,  nor  how 
Miey  filed  us  ;  nor  what  a  wonderful  success  accompanied 
all  that  was  attempted  by  us  or  by  them  or  by  M,  Mascart 
and  our  French  colleagues,  although  I  cannot  refrain  from 
bearing  ray  testimony  to  the  great  kindness  of  the  Prince  of 
Wales  and  the  British  Commission  in  so  generously  lending 
us  the  British  Pavilion  for  our  great  reception  and  giving 
us  the  use  of  one  of  its  rooms  for  our  office  all  the  *'"""  "f 
our  visit  to  Paris. 

My  brother  has  tried  to  get  me  to  introduce  to  you 
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some  novel  ideas  which  have  come  to  us  during  the  last  ten 
years  in  our  business  of  lighting  the  City  of  Galway  from  a 
fairly  constant  water-power  using  accumulators  with  a  Dow- 
son  gas  plant  stand-by.  It  has  almost  come  to  be  a  practical 
idea  to  produce  Carbide  of  Calcium  in  wet  seasons  and  utilise 
it  through  the  gas  engine  in  dry  seasons.  I  was  also  tempted 
to  discuss  the  use  of  large  gas  engine  plant  at  central 
stations ;  and  another  of  several  subjects  in  which  I  have 
been  recently  engaged  has  been  the  magnetic  effect  pro- 
duced by  systems  of  electric  traction.  But  I  have  resisted 
temptation  and  have  chosen  a  subject  which  seems  to  me 
much  more  important. 

Your  president's  address  is  followed  by  no  discussion. 
He  is,  therefore,  privileged,  but  his  very  privileges  cause  him 
to  address  you  with  a  greater  sense  of  responsibility ;  he 
may  say  what  he  pleases,  but  he  must  be  very  sure  that  he 
has  the  best^  interests  of  the  Institution  at  heart ;  the 
interests  of  Ihe  Institution  as  a  whole,  not  the  interests 
merely  of  a  few  members,  and  least  of  all  ought  he  to 
think  of  his  own  interests.  Nevertheless,  your  president 
speaks  not  as  an  omniscient  judge,  but  rather  as  a  very 
fallible,  very  prejudiced  one-sided  man  who,  because  he  has 
devoted  himself  to  one  part  of  the  work  of  this  Institution, 
is  certain  to  be  unfair  in  his  comments  upon  other  parts 
of  the  work. 

Your  past  presidents  represent  in  this  way  all  classes  of 
members  of  this  Institution.  You  have  had  scientific  men, 
given,  some  of  them  to  calculation  and  some  to  experiment 
and  some  to  both  ;  men  who  have  advanced  the  study  of 
pure  science.  You  have  had  practical  telegraph  men,  civil 
and  military,  men  cunning  in  land  and  deep-sea  telegraphy 
and  telephony ;  men  cunning  in  railway  signalling.  You 
have  had  electrical  chemists.  You  have  had  manufacturers 
and  users  of  all  kinds  of  electrical  appliances.  You  have 
had  men  who  devote  themselves  to  the  teaching  of  electrical 
engineers,  and  who  fully  appreciate  the  fact  that  no  good 
teacher  ought  to  be  out  of  practical  touch  with  the  profes- 
sion. And  nearly  all  your  past  presidents  have  invented 
things  which  are  now  in  practical  use. 

As  each  of  these  men  has  given  you  at  least  one  address 
\\Tittcn  from  his  own  peculiar  point  of  view,  his  prejudices 
arc  not  likely  to  have  done  any  harm  to  members  who  read 
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the  other  addresses.  I  know,  therefore,  that  you  are  good- 
naturedly  prepared  to  give  me  plenty  of  rope.  I  can  predict 
the  twinkle  of  amusement  in  the  faces  of  some  of  my  friends 
when  they  learn  that  I  am  about  to  take  up  a  subject  on 
which  we  have  had  many  debates.  Your  attention  has 
just  been  attracted  to  the  curves  showing  the  numerical 
growth  of  our  Institution  in  membership,  and  this  has  been 
marvellous,  but  I  would  speak  of  something  more  than 
mere  numbers,  namely,  the  quality  of  our  membership. 
In  fact,  I  mean  to  put  before  you  this  simple  question: 
C  Is  electrical  engineering  to  remain  a  profession  or  is  it 
to  become  a  trade? J  Is  this  Institution  to  continue  to 
be  a  society  for  the  advancement  of  knowledge  in  the 
applications  of  scientific  principles  to  electrical  industries, 
or  is  it  to  become  a  mere  trades  union  ? 

Of  coiu-se,  at  the  present  time  the  outside  public  are 
willing  to  regard  membership  of  this  Institution  as  a  Symbol 
of  something  more  than  the  membership  of  a  mere  trades 
union.  During  the  early  growth  of  any  trade,  even  such 
a  trade  as  that  of  the  plumber,  it  was  really  a  profession. 
And  a  common  trade  may  suddenly  become  a  profession, 
if  it  suddenly  begins  to  develop,  as,  for  example,  stone- 
masonry  of  a  hundred  years  ago  suddenly  developed  into 
civil  engineering.  Electrical  engineering  has  been  deve- 
loped rapidly,  so  that  in  the  past  it  has  certainly  been  a 
profession  and  not  a  trade. 

Again,  we  are  an  institution  of  engineers,  and  the  general 
public  are  willing  to  class  us  with  other  engineering  insti- 
tutions— for  example,  the  Institution  of  Civil  Engineers 
Now  the  title  M.Inst.C.E.  is  a  professional  distinction  which 
represents  in  civil  engineering  what  F.R.C.S.  does  in  sur- 
gery, or  M.R.C.P.  in  medicine.  We  owe  a  great  deal  to  our 
association  with,  and  recognition  by,  the  Institution  of  Civil 
Engineers ;  our  meetings  are  held  in  its  rooms ;  many  of 
our  members  are  also  its  members ;  our  proceedings  are 
modelled  on  its  proceedings. 

Now  this  older  Institution,  governed  by  the  best 
thoughts  of  the  best  British  engineers,  has  laid  it  down  that 
its  associate  members,  that  important  class  from  which  the 
higher  class  is  mainly  fed,  shall  have  passed  certain  specified 
examinations  in  pure  and  applied  science. 

I  am  not  now  suggesting  that  we  ought  to  adopt  this 
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science  examination  method  of  admitting  any  kind  of 
members  to  our  Institution.  1  do  not  believe  in  the 
wholesale  adoption  of  methods  of  working  from  another 
society.  I  am  asking  you  early  in  my  address  to  remember 
that  this  greatest  of  all  professional  engineering  institutions, 
governed  by  practical  men  full  of  common  sense,  knowing 
the  wants  of  their  profession  well,  insists  upon  a  knowledge 
of  science  in  its  new  members.  If  this  recognition  of 
science  did  not  exist  anywhere  else  in  the  whole  world,  I  say 
that  its  recognition  by  such  a  thoroughly  good  professional 
society  as  that  of  the  Civil  Engineers  ought  to  recommend 
it  to  all  professional  societies. 

In  Germany  an  enormous  stride  has  recently  been  made 
in  the  raising  of  Engineering  degrees  to  rank  with  the 
highest  University  honours.  There  is  hardly  one  engineer 
of  eminence  in  Switzerland,  France,  or  Germany  who  has 
not  passed  with  honour  through  the  classes  of  one  of  their 
great  science  Universities.*  In  Great  Britain  within  the 
last  fifteen  years  not  only  have  great  engineering  schools 
been  established  in  all  the  manufacturing  towns,  but  even 
in  Cambridge  University  there  is  one  of  the  best  schools  of 
civil,  mechanical,,  and  electrical  engineering  of  which  I 
know  anything. 

Before  we  think  of  imitating  the  Institution  of  Civil 
Engineers,  we  ought  to  reflect  on  certain  fundamental 
distinctions  between  that  Institution  and  our  own  which 
at  first  sight  seem  to  make  us  less  professional. 

There  is  a  well-known  unwritten  rule  of  the  Civil 
Engineers  to  which  there  are  only  a  few  exceptions,  that 
no  contracting  railway  or  harbour  engineer  can  acquire 
the  title  of  M.Inst.C.E.  I  think  myself  that  it  is  a  pity  to 
draw  a  hard  and  fast  line  between  consulting  engineers 
and  contractors.  No  doubt  it  simplifies  the  labour  of  the 
Council  in  its  selection  of  candidates,  but  it  gives  rise  to 
anomalies. 

A  man  who  was  once  a  civil  engineer  because  he  served  a 

'  I  understand  also  that  the  great  unions  of  manufacturers  in  Germany  are 
about  to  make  facilities  for  giving  a  year  of  real  factory  work  to  the  Poly- 
technic students,  thus  perfecting  the  German  system.  In  Japan  we  found 
great  success  in  requiring  students  to  spend  their  summer  in  real  shops,  their 
winters  at  college.  In  England  it  may  be  that  we  shall  prefer  to  let  all 
apprentices  have  shorter  factory  hours  than  workmen,  articled  pupils  much 
shorter  hours,  their  masters  being  responsible  for  instruction  being  given  in 
theory. 
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pupilage  under  his  clever  father,  and  who  now  is  nominally 
at  the  head  of  his  father's  large  practice,  the  real  engineering 
work  being  done  by  many  clever  employees,  this  man  may 
be  a  member.  A  contracting  engineer  who  shows  mar- 
vellous ability  not  only  in  rectifying  the  mistakes  of  the 
designer  of  a  large  bridge  or  tunnel  or  reservoir  embank- 
ment, but  shows  the  power  of  Lord  Kitchener  in  directing 
the  work  of  thousands  of  men  so  that  no  man  need  be  idle, 
and  the  whole  contract  goes  on  like  clockwork,  and  is 
finished  well  in  the  minimum  of  time,  this  man  is  ineligible. 
Now  in  our  Institution  it  has  been  recognised  from  the  very 
first  that  manufacturers  and  contractors  and  their  employees 
may  belong  to  the  very  highest  ranks  of  their  profession.  Of 
course,  1  do  not  mean  men  who  simply  receive  the  profits 
of  businesses,  or  even  men  who  merely  work  to  obtain 
orders  for  themselves.  I  mean  men  who  are  not  merely 
formally  but  in  reality  manufacturing  or  contracting 
engineers.  I  mean  men  who,  in  dealing  with  standardised 
things,  design  new  methods  for  quick,  good,  cheap  pro- 
duction of  such  things.  I  mean  men  who  improve  old 
forms  of  things,  possibly  through  their  paid  subordinates. 
I  mean  by  a  manufacturer  fit  to  be  a  M.I.E.E  a  man  who 
might  act  as  his  own  manager,  and  who,  perhaps,  has  a 
wider  outlook  than  on  mere  managerial  duties.  So  long 
as  a  contractor  or  manufacturer  is  really  an  engineer,  we 
know  that  we  add  to  our  strength  with  the  addition  of 
every  such  member. 

But  consider  a  contractor  who  only  uses  ordinary  types 
of  machines  or  electrical  plant  in  well-known  ways, 
surely  he  can  hardly  be  said  to  be  in  the  profession  at  all. 
Surely  the  one  thing  that  differentiates  us  from  mere 
tradesmen  is  that  we  do  not  follow  mere  rule  of  thumb 
methods  ;  we  think  for  ourselves,  we  weigh  advantages  and 
disadvantages.  If  every  new  installation  required  the  same 
treatment  as  existing  ones,  the  engineer  would  degenerate 
into  a  tradesman,  and  it  seems  to  me  that  the  electrical 
engineer  ought  to  have  a  special  fear  of  such"  degenera- 
tion. 

In  railway  and  harbour  and  river  and  sanitary  engineer- 
ing, in  every  new  job  there  are  new  difficulties  to  be  dealt 
with.  An  engineer  who  designs  many  undertakings  and 
sees  them  carried  out  must  be  a  thoughtful  man ;  he  cannot 
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help  keeping  himself  acquainted  with  engineering  principles, 
and  SO  he  is  a  professional  man.  So  an  architect  finds  that 
each  new  job  requires  all  his  experience.  Every  case  that 
comes  before  a  real  physician  or  surgeon  requires  a  some- 
what different  treatment  from  any  old  case.  Every  case 
brought  before  a  barrister  requires  the  exercise  of  all  his 
past  experience.  In  every  case  a  profession  implies  the 
necessity  for  the  exercise  of  all  the  outcome  of  one's 
past  experience ;  because  the  work  one  has  to  do  is  never 
the  same  as  any  work  one  has  ever  done  before.  And 
when  I  say  the  outcome  of  past  experience,  1  really  mean 
certain  general  principles  which  one  has  always  in  one's 
mind,  principles  derived  from  all  that  one  has  done  or  seen 
or  read  about. 

Electrical  engineering  is  in  a  curious  position.  It  owes 
its  being  altogether  to  scientific  men,  to  the  laboratory  and 
desk-work  of  a  long  line  of  experimenters  and  philosophers. 
Even  now  the  work  going  on  in  a  laboratory  to-day  becomes 
the  much  larger  work  of  the  engineer  to-morrow.  When  at 
length  the  laboratory  experiment  is  utilised  in  engineering, 
we  see  that  there  is  no  other  kind  of  engineering  which  so 
lends  itself  to  mathematical  treatment  and  exact  measure- 
ment. Most  of  the  phenomena  dealt  with  by  the  electrical 
engineer  lend  themselves  to  exact  mathematical  calculation, 
and  after  calculations  are  made  exact  measurements  may 
be  made  to  test  the  accuracy  of  our  theory.  For  a  com- 
pleted machine  or  any  of  its  parts  can  be  submitted  to  the 
most  searching  electrical  and  magnetic  tests,  since  these 
tests,  unlike  those  applied  by  the  mechanical  engineer,  do 
not  destroy  the  body  tested. 

Contrast  this  with  the  calculations  it  is  possible  to  make 
in  other  kinds  of  engineering.  The  pressure  of  earth 
against  a  revetement  wall  is  possibly  2qo  or  300  per  cent, 
greater,  or  50  to  70  per  cent,  less  than  what  we  imagine  it 
to  be  in  what  some  limited  men  call  theory.  We  use 
factors  of  safety  5  or  10  or  more  on  all  kinds  of  iron 
structure  calculations,  because  we  are  aware  of  our 
ignorance  of  a  correct  method  of  dealing  with  the  prob- 
lems. The  civil  engineer  never  has  exactly  the  same 
problem  as  has  already  been  solved.  In  tunnelling, 
earthwork,  building,  &c.,  in  making  railways  and  canals, 
he  is  supremely  dependent  on  the  natural  conditions  pro. 
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vided  for  him :  the  configuration  of  the  surface  of  the 
ground,  the  geological  formation,  the  structural  rAaterials 
available  in  the  neighbourhood.  The  story  of  how  the 
engineer  has  to  study  the  endlessly  different  ways  of  inter- 
action of  water  and  sand  and  gravel  is  told  by  the  trouble- 
some bars  at  the  mouths  of  rivers  all  over  the  world,  by  the 
diflBculties  of  coast  and  river-bank  protection,  by  the  failure 
of  sea  walls  and  piers.  But  why  should  I  make  a  catalogue 
of  the  different  kinds  of  work  done  by  civil  engineers  ? 
Every  one  of  them  needs  the  exercise  of  general  scientific 
principles  due  to  much  experience. 

Now  of  all  such  natural  difficulties  the  consulting  or 
contracting  electrical  engineer  is  greatly  independent.  Give 
him  a  source  of  power  and  tell  him  what  is  to  be  done ; 
whether  he  is  to  light  a  town  or  a  building,  whether  with 
arc  or  incandescent  lights ;  whether  he  drives  a  stamp  mill 
near  a  mine  or  a  pump,  or  a  machine  tool,  or  a  spinning 
frame,  the  electrical  part  of  the  work  is  carried  out  in  much 
the  same  way.  Natural  conditions  affect  him  mainly  in 
the  cost  of  transport  of  his  materials  and  the  cost  of  labour. 
He  can  make  in  an  easy  way  the  most  careful  calculations 
as  to  the  best  arrangement  of  his  conductors  and  machines 
to  give  maximum  economy,  and  except  for  this  easy  calcula- 
tion his  work  is  that  of  a  mere  tradesman.  He  is  practically 
independent  even  of  the  weather.  There  are,  indeed,  some 
of  us  who  grumble  that  this  easy  calculation  is  not  made 
easier  still,  who  prefer  to  make  arithmetical  guesses  rather 
than  exact  calculation,  because  perhaps  we  like  to  see  a  little 
uncertainty  introduced  into  the  problem  to  make  it  more 
like  a  problem  in  civil  engineering.  I  want  members  to  see 
clearly  that  as  time  goes  on,  as  our  electrical  engineering 
work  gets  more  and  more  cut  and  dried,  the  man  who 
loses  the  power  to  calculate,  who  loses  his  grip  of  the 
simple  theory  underlying  our  work,  must  sink  more  and 
more  into  the  position  of  a  mere  tradesman  who  has  no 
longer  the  right  to  call  himself  an  engineer. 

An  electrical  engineer  must  have  such  a  good  mental 
grasp  of  the  general  scientific  principles  underlying  his 
work  that  he  is  able  to  improve  existing  things  and  ways  of 
using  these  things.  It  has  become  the  custom  to  call  this 
theory f  and  I  suppose  1  must  follow  the  custom.     I  should 
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prefer  to  call  it  Science '  or  knowledge.  Do  you  remember 
Huxley*s  definition  of  Science  ?  '*  Science,"  he  said,  "  is 
organised  common  sense"  ;  and  this  is  really  what  I  mean. 
Well,  calling  it  theory^  the  man  who  is  permeated  by  theory, 
whose  theory  is  so  much  a  part  of  his  mental  machinery 
that  it  is  always  ready  for  practical  application  to  any  pro- 
blem, he  is  the  real  engineer.  But  you  must  not  mistake 
me  in  this  matter.  Eighty  per  cent,  of  the  men  who  pass 
examinations  in  mathematics,  mechanics,  and  electricity 
have  very  little  of  this  theory.  Fifty  per  cent,  of  the 
writers  of  letters  in  the  engineering  journals  in  which 
mathematical  expressions  occur  have  almost  nothing  of 
this  theory  in  their  possession.  It  is  unknown  to  foolish 
men.  Books  alone,  lectures  alone,  experiments  alone, 
workshop  experience  alone  cannot  teach  this  theory.  The 
acumen  of  a  Q.C.  may  actually  prevent  a  man  from  acquir- 
ing it.  A  man  may  have  much  of  this  theory,  although 
he  may  never  have  listened  to  lectures,  although  he  may 
dislike  the  sight  of  a  mathematical  expression.  I  have 
known  men  who  might  be  called  illiterate  to  possess  much 
theory.  1  have  known  many  men  who  might  be  called 
good  electricians  who  are  almost  wanting  in  the  theory 
necessary  for  the  electrical  engineer. 

I  am  speaking  only  of  theory.  Of  the  other  qualifica- 
tions for  an  engineer  I  need  not  here  speak ;  they  are 
present  to  the  minds  of  all  of  us.  A  man  may  have  any 
amount  of  knowledge ;  he  may  know  how  to  apply  his 
knowledge,  and  yet  he  may  not  be  able  to  apply  the  know- 
ledge from  a  want  of  engineering  character. 

The  engineer  must  be  a  real  man ;  he  must  possess 
individuality,  the  power  to  think  for  himself.  He  must  not 
be  like  a  sheep,  knowing  only  enough  to  follow  the  bell- 
wether. Over  and  over  again  in  the  last  thirty  years  have 
some  of  us  given  our  students  much  the  same  sort  of  advice 


»  What  Doll  Tearsheet  said  of  the  word  "  occupy  •'  we  have  to  say  of  the  word 
"  Science."  It  is  used  by  many  people  out  of  its  proper  meaning  and  then 
condemned,  so  that  one  is  getting  afraid  to  use  it.  In  Prof.  Fitzgerald's 
splendid  inaugural  address  to  the  Dublin  Section  of  this  Institution  he  says  : 
"  As  has  recently  been  pointed  out  to  me  by  Dr.  Trouton,  it  would  be  im- 
possible to  say  the  same  contemptuous  things  of  knowledge  as  are  said  of 
Science.  In  Germany  the  wotd  used,  '  Wissenschaft,'  is  the  one  correspond- 
ing to  our  word  '  knowledge,'  and  there  nobody  of  any  sense  could  say  that 
*  knowledge  is  all  humbug,'  as  is  here  often  said,  and  still  oftener  thought, 
of  'Science.'" 
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that  Baden-Powell  gives  to  scouts  in  that  excellent  little  book 
of  his.  If  any  of  you  have  not  read  that  book  you  ought 
to  buy  it  at  once,  and  vxhi  will  there  find  that  if  a  man  is  to 
think  for  himself  he  must  possess  all  kinds  of  knowledge^  he 
must  be  constantly  picking  up  new  kinds  of  knowledge* 

Nobody  can  limit  the  value  of  any  kind  of  knowledge, 
but  still  one  may  say  that  certain  things  are  probably  more 
important  than  others.    To  gain  what  we  call  "  theory  **  a 
good    general   education  is    most   helpful  —  mathematical 
knowledge  is  very  helpful ;  laboratory  and  workshop  experi- 
ence are  extremely  helpful.    There  is  one  qualification  w^hich 
the  electrical  engineer  must  have  and  without  which  all 
other  qualifications  are  useless,  and  if  a  man  has  it  no  other 
qualification   is  supremely  important,  and  this  absolutely 
indispensable  qualification  is  that  a  man  shall  Io\*e  to  think 
about  and  work  with  electrical  things.     He  must  like  these 
not  because  of  the  money  he  can  make  through  electrical 
contrivances,  nor  even,   I  think,  because  of  the  name  he 
may  make  before  the  world — this  would   be   mere  liking 
or  cupboard  love  which  has  no  lasting  quality.    So  long 
as  we  have  men  in  this  country  who  have  the  true  love  for 
scientific  work  of  which  1  speak,  so  long  shall  we  have  a 
real  profession  of  electrical  engineering,  for  such  men  are 
always  scheming  new  contrivances  and  improving  old. ones 
and  utilising  the  services  of  all  helpful  people,  and  especially 
of    capitalists.     When  w»e  have  reached  a  state  in  which 
nobody  schemes  new  things  because  the  existing  things  are 
perfect  there  will  no  longer  be  a  profession  of  electrical 
engineering.     Of  all   ideas  surely  that  of  having  reached 
perfection  is  most  hateful :   the   idea  of   exact  knowledge, 
that  nothing  is  unknown,  that  there  is  no  need  for  thought 
and  therefore  that  to  think  for  oneself  is  a  sin. 

And  so,  although  we  are  all  agreed  that  much  standardisa- 
tion in  our  contrivances  and  methods  is  absolutely  necessary 
for  our  competition  with  other  nations,  we  must  follow  the 
Americans  in  this  matter  and  take  care  that  it  does  not 
destroy  invention.  Of  course  when  things  are  really  stan- 
dardised, when  we  have  our  perfect  Mauser  rifle  or 
dynamo  or  locomotive  or  traction  engine  or  electrically 
driven  stamp  mill,  a  Boer  can  buy  or  even  manufacture 
them  if  he  has  money,  and  he  can  use  them  as  well  as, 
or   possibly   better   than,    we   can.      But   he    is   not    an 
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engineer.  He  uses  things  after  the  engineer  has  done  his 
work  upon  them.  A  stoker,  a  common  engine-driver, 
the  guard  of  a  train,  these  are  not  engineers.  You  must 
have  noticed  that  the  American  engineers,  who  surely 
deserve  the  character  of  being  practical  idealists  above  all 
other  engineers,  are  the  men  who  are  most  imbued  with 
notions  of  standardisation  which  lead  to  cheapness  of 
manufacture,  and  they  are  also  the  men  most  alive  to  the 
necessity  for  occasional  extensive  scrapping  of  types  of 
machinery  when  they  become  even  a  httle  antiquated. 

Our  chiefs,  the  men  who  run  us  all,  our  real  men  at 
this  Institution,  may  t>e  called  Practical  Idealists.  They  have 
imagination  and  judgment  and  individuality.  They  have 
the  imagination  and  enthusiasm  of  inventors,  and  yet  they 
are  more  than  inventors,  for  they  can  estimate  the  worth  of 
their  own  inventions  and  control  their  imaginations.  They 
are  ready  to  receive  all  new  ideas,  they  welcome  all  new 
things,  and  yet  they  are  not  carried  away.  They  are 
radicals  and  yet  they  are  conservatives.  They  have  what 
Mrs.  Beecher  Stowe  called  Faculty. 

A  strong  imagination  well  under  control,  surely  it 
is  the  greatest  of  mental  gifts.  1  look  round  me  and 
wonder  how  many  of  us  really  have  it ;  and  how  many 
of  us  are  only  dull  men,  who  scorn  novels  and  poetry, 
who  live  utilitarian,  material  lives,  whose  aim  is  merely 
to  make  money  through  electricity,  who  love  it  not  for 
its  own  self,  who  cherish  their  "  tuppeny-ha'penny-worth  " 
of  theory  because  it  is  sufficient  for  their  immediate  wants. 
Why,  even  the  writers  of  leading  articles  in  the  daily 
papers  can  talk  of  the  wonders  of  electricity  and  what 
may  yet  come  to  pass  ;  and  yet  we  who  make  machines 
and  use  them  and  switch  the  marvellous  thing  on  and  off 
and  take  all  sorts  of  liberties  with  it — we  are  like  Calibans 
oblivious  of  the  wonders  of  the  fairy  isle — like  soulless 
priests  making  a  living  in  the  temple  of  Isis — like  Aladdins 
who  rub  our  lamp  only  to  get  the  necessaries  of  life. 

Twenty  years  ago  some  of  us  were  laughed  at  for  our 
optimism,  and  yet  everything  that  we  declared  then  to  be 
doable  has  now  actually  been  done  by  engineers,  except 
the  thing  which  was  then  and  is  now  declared  to  be  the 

\..  : )rtant  thing,  namely,  the  electric  consump- 

iVe  say  now,  as  we  said  then,  "  The  applied 
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scicoce  of  the  iL^ae  !5cs  iriTixbue  XM  ssniZI  in  d>e  vX^cta* 
tions  of  tbe  men  who  ^vxrk  al  rizDe^  chcnrstrv  ju::?i  rfcTsros.^ 
And  think  of  tbe  wTOodertnllT  r^rri  rate  as  wh:ch  LiSx-JitvXir 
discoveries  hare  been  ::riade  in  the  li5*  e^ewn  years,  and  hv>w 
as  the  years  go  on  Aey  beoi>n>?  m.xe  and  nivve  nuniesvxxs  ; 
and  vet  manv  of  os  plod  alan^  with  our  work  >*ee:ni^  no  farther 
than  oar  noses.  A  vear  is  now  more  prec^iont  with  d:>acv^verv 
than  a  hundred  years  used  to  be,  and  yet  the  protective 
stoHdity  of  oor  ancestors  is  upon  os  and  we  think  ot  the 
latest  discoverv  as  if  it  were  reallv  the  verv  last  that  can  be 
made.  A  thousand  men  are  measuring  and  trying  new 
things  in  laboratories  all  over  the  world.  Some  of  them 
plodding  and  soulless;  others  of  them  with  imagination 
and  clearness  of  vision.  Do  you  think  that  nothing  is  to 
come  from  all  that  work  ? 

And  is  it  not  one  of  the  most  important  functions  of  the 
engineer  to  do  as  Mr.  Marconi  has  done,  to  convince 
capitalists  ignorant  of  science  that  if  the  successful  labora- 
tory  experiment  is  tried  on  the  large  scale  it  must  also  be 
successful  ?  And  are  we  going  to  leave  all  this  pioneering 
*  work,  with  all  its  possibilities  of  great  gain,  albeit  with 
possible  loss,  to  foreign  engineers,  when  in  most  cases  the 
scientific  discovery  has  been  made  in  England  ?  Are  we 
so  lacking  in  the  hope  and  faith  which  are  born  of  ima- 
gination and  science  ?  And  must  we  in  the  future  as  in 
the  past  have  to  rely  upon  the  influx  of  the  clever  foreigner 
like  Sir  William  Siemens  ?  Must  we,  Boer  like,  always 
depend  upon  our  Uitlander  population,  Fleming  and 
German,  Hollander,  Huguenot  and  Hebrew,  for  the  develop- 
ment of  our  natural  resources  ? 

Some  of  the  best  engineers  1  know  are  so  excep- 
tional that  one  must  class  them  with  geniuses ;  they 
have  faculty  and  character,  and  so  they  have  become 
engineers  even  under  the  most  unfavourable  circumstances. 
They  have  passed  through  ordinary  schools  and  yet  deve- 
loped common  sense.  They  were  pitchforked  into  practical 
work,  and  their  liking  for  the  work  as  well  as  some 
curious  kind  of  instinct  led  them  to  pick  up  all  sorts  of 
knowledge  which  have  become  part  of  their  mental 
machinery.  They  continue  to  pick  up  new  kinds  of 
knowledge  when  these  become  necessary  for  their  pro- 
fessional  work.     Unfortunately  these    men  do   not  realise 
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how  exceptional  they  are,  and  they  advise  boys  to  go 
direct  from  school  into  works.  They  forget  that  the  other 
99  per  cent,  of  men  treated  in  the  same  way  as  themselves 
can  only  become  the  hewers  of  wood  and  drawers  of  water 
to  real  engineers.  Treated  in  this  way  average  boys  are 
just  like  so  many  sheep :  they  learn  just  what  seems 
absolutely  necessary  and  no  more ;  their  acquaintance 
with  the  scientific  principles  underlying  their  trade  is  a 
hand-to-mouth  knowledge  which  becomes  useless  when 
their  trade  undergoes  development. 

In  1867  I  was  an  apprentice,  and  when  in  the  drawing 
office  and  pattern  shop  I  remember  well  how  I  was  chaffed 
for  studying  such  a  non-paying,  non-practical  subject  as  elec- 
tricity. When  I  published  my  first  electrical  paper  in  1874 
before  the  Royal  Society,  and  even  for  some  years  afterwards, 
the  real  students  of  electricity  in  England  could  be  counted 
on  the  fingers  of  one's  hands.  Many  of  us  remember  the 
first  Gramme  magneto  machine  that  came  to  this  country, 
a  scientific  toy,  in  1874.  How  many  engineers  dreamt 
that  a  great  new  branch  of  engineering  had  been  started? 
Even  in  1878  engineers  were  as  a  rule  quite  ignorant  of 
electricity,  and  since  then  every  year,  although  newspaper 
writers  have  talked  largely  of  the  age  of  electricity,  the 
men  actually  engaged  in  electrical  industries  have  acted 
as  if  the  greatest  of  changes  were  not  perpetually  going 
on  in  it.  To  be  left  behind,  or  to  become  camp  followers, 
children  of  Gibeon,  this  is  the  usual  fate  of  the  men  who 
scorn  theory.  In  1882-4  we  used  to  have  to  pay  men 
£200  and  ;^300  a  year  because  they  had  a  slight  know- 
ledge of  electrical  matters.  In  1884-6  these  very  men  were 
not  worth  twenty  shillings  a  week,  they  were  weeded  out 
of  the  profession  and  their  places  were  taken  by  men  of 
better  knowledge.  Two  or  three  years  after,  these  better 
men  were  again  found  to  have  been  weeded  out,  because 
men  of  still  better  knowledge  were  available.  And  so  it 
has  gone  on  ever  since.  Men  learn  just  enough  to  get 
posts ;  they  settle  down  in  these  posts  and  scorn  theory. 
They  actually  forget  what  little  theory  they  once  did  possess. 
They  know  a  great  deal  about  existing  machines,  but  presently 
they  discover  that  improvements  have  been  going  on,  and 
that  they  no  longer  have  a  right  to  say  that  they  belong 
to  the  engineering  profession.     In  every  year  one  has  told 
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men,  "  You  will  be  left  behind.  See  A  and  B  and  C.  I 
told  them  three  years  ago,  when  their  names  were  in  every- 
body's mouths,  that  they  would  be  left  behind  like  their 
predecessors,  and  they  laughed.  Now  I  tell  you  and  you 
laugh,  and  you  also  will  be  left  behind.  Yes,  I  know  that 
3rou  get  a  good  salary  or  large  fees,  and  your  head  touches 
the  sky.  Nevertheless,  because  you  neglect  theory  and  the 
simple  mathematics  by  means  of  which  theory  is  made 
available  in  practical  problems,  you  will  have  to  take  a 
back  seat  presently,  for  our  profession  is  in  its  early  youth 
and  is  growing  rapidly." 

Remember  that  I  do  not  now  refer  to  the  few  excep- 
tional heaven-born  engineers  who,  in  spite  of  bad  training, 
do  manage  somehow  to  pick  up  the  necessary  knowledge.  I 
speak  of  the  average  men,  many  of  whom  are  now  living  in 
the  same  old  fool's  paradise.  They  know  enough  for  present 
needs  ;  they  scorn  the  simple  principles  which  underlie  all 
our  work  ;  they  scorn*  the  easy  mathematics  by  which  these 
principles  are  most  readily  employed  in  practical  problems ; 
they  will  have  their  reward. 

Just  think  of  what  is  occurring  at  the  present  time.  In 
England  we  have  cheap  coal,  and  it  can  be  carried  easily. 
In  Switzerland  and  other  countries  where  there  is  no  cheap 
cool  the  water-power  had  to  be  utilised  and  power  had  to 
be  transmitted  great  distances  electrically.  This  needed 
high  voltage,  and  as  it  is  difficult  to  get  high  voltage  with 
direct  current  machines,  alternating  currents  were  used, 
and  on  account  of  motor  troubles  multiphase  working  has 
been  introduced.  What  a  revelation  it  was  to  almost  all 
of  us,  that  visit  of  a  year  ago  to  Switzerland !  We  saw 
enormous  schemes  of  lighting  and  traction  and  power.  We 
*aw  electric  trains  driven  by  distant  waterfalls  sandwiched 
m  among  ordinary  trains  keeping  proper  time  on  working 
railways.  We  had  known  that  there  were  great  schemes 
carried  out  in  Germany  and  America  and  other  countries, 
and  yet  all  the  machines  were  quite  unfamiliar  to  us.  We 
were  very  much  like  what  engineers  of  1870  would  have 
been  if  suddenly  brought  into  a  generating  station.  Is  it 
not  a  fact  that  some  of  us,  said  to  be  eminent  and 
thought  to  be  practical,  asked  questions  and  made  re- 
marks which  showed  that  we  did  not  know  the  most 
deroentary    principles     of    three-phase     working.      Is    it 
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then  any  wonder  that  the  traction  schemes  now  being 
developed  in  England,  on  lines  that  are  certainly  not 
the  best  for  this  country  of  their  adoption,  are  altogether 
dependent  on  the  use  of  foreign  electrical  machinery  and 
employ  foreign  electrical  engineers  ?  I  am  not  putting  this 
altogether  fairly,  for  municipal  procrastination  has  prevented 
our  development,  and  yet  I  am  not  putting  it  altogether 
unfairly.     We  know  too  little  theory. 

I  am  afraid  that  just  now  we  are  in  a  rather  tight  place. 
I  would  give  something  to  know  how  we  in  this  room  are 
going  to  get  acquainted  with  what  some  people  rightly  or 
wrongly  consider  the  most  important  kind  of  modern 
electrical  engineering.  Our  usual  way  of  learning  is  by 
actual  handling  of  things.  But  if  the  millions  of  pounds' 
worth  of  machinery  coming  to  England  every  year  is 
all  foreign  and  is  used  mainly  under  foreign  superin- 
tendence, our  usual  method  of  study  is  made  very 
difficult.  True  there  are  American  and  German,  and 
indeed  a  very  good  English  publication  which  would  give 
a  knowledge  of  the  theory,  but  not,  I  think,  to  the  average 
English  electrical  engineer.  I  know  of  many  men  25  to 
40  years  of  age  who  seldom  come  to  our  meetings,  and 
who  say  they  are  silent  in  discussions  because  they  cannot 
be  understood  ;  perhaps  these  men  will  find  a  way  to  save 
us  all  from  being  left  behind.  There  is  much  more  that  I 
might  say  in  this  connection.  An  individual  Englishman 
may  be  left  behind  other  Englishmen,  and  all  English 
electrical  engineers  may  be  left  behind  the  rest  of  the  world, 
but  all  electrical  engineers  of  the  world  may  even  be  left 
behind  other  appliers  of  science.  It  is  not  merely  that  the 
incandescent  mantle  of  the  gas  engineer  is  improving  and 
necessitates  improvements  in  our  filaments,  but  in  spite  of 
the  flourishing  conditions  of  our  factories  just  now,  I  could 
give  many  other  illustrations  of  how  we  shall  all  suffer  if  we 
do  not  keep  adding  to  our  knowledge.  Twenty  years  ago, 
when  giving  some  lectures  in  Clerkenwell  to  workers  in  the 
then  flourishing  watch  trade,  I  ventured  to  prophesy  the 
decay  of  that  trade.  But  I  am  afraid  that  the  case  of  Jonah 
and  Nineveh  is  the  only  one  in  which  prediction  of  disaster 
led  to  reform.  I  venture  on  no  prophecy  therefore,  because 
it  might  harden  your  hearts. 

Much  of  the  evil  we  suffer  from  is  due  to  our  average 
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young  men  being  pitchforked  into  works  where  they  get 
no  instruction,  as  soon  as  they  leave  school.  If  ordinary 
school  education  were  worth  the  name,  and  if  school- 
masters could  be  brought  to  see  that  we  do  not  live  in 
the  Bfteenth  century,  if  boys  were  really  taught  to  think 
for  themselves  through  common  sense  training  in  natural 
science,  things  would  not  be  so  bad.  But  the  average 
boy  leaves  an  English  school  with  no  power  to  think 
for  himself,  and  with  less  than  no  knowledge  of  natural 
science,  and  he  learns  what  is  called  mathematics  in  such 
a  fashion  that  he  hates  the  sight  of  a  mathematical  ex- 
pression all  his  life  after. 

And  what  is  the  result  ?  English  engineers  do  make 
a  wonderfully  intimate  acquaintance  with  the  machines 
and  tools  that  they  work  with,  but  when  it  comes  to  the 
manufacture  of  new  things  they  do  it  by  fitting  and  trying, 
by  quite  unnecessary  expenditure  of  money  through  trial 
and  error.  A  machine  is  made  and  tried  and  then  another 
better  one,  until  a  good  result  is  arrived  at.  And  this 
method  did  well  enough  in  the  past  and  would  do  well 
enough  in  the  future  if  only  we  had  not  to  compete  with 
foreigners  who  can  really  calculate.  It  is  not  all  smoke; 
there  is  a  real  danger  in  this  foreign  competition  unless 
we  mend  our  ways.  There  is  an  absolute  necessity  for 
great  change  in  English  ways ;  but  there  are  so  many 
people  interested  in  the  maintenance  of  old  methods  of 
working ;  so  many  people  who  think  they  will  lose  their 
bread  and  butter  if  a  change  takes  place ;  so  much  capital, 
scholastic  and  other,  invested  in  our  old  machinery ;  that 
it  takes  a  catastrophe  to  produce  changes.  Much  of  the 
strength  and  weakness  of  England  has  always  lain  in  her 
conservatism.  We  have  been  talking  of  standardisation  of 
machinery  lately,  so  I  may  say  that  things  have  been 
standardised  in  England  for  a  long  time.  Now  to  get  all 
the  good  effect  of  standardisation  it  is  occasionally  necessary 
to  go  in  for  wholesale  scrapping,  and  it  is  this  scrapping 
part  of  the  business  that  we  dislike  in  England.  We  here 
all  know  that  the  District  and  Metropolitan  railways  might 
have  been  worked  electrically  years  ago  just  as  easily  as 
they  will  be  when  we  are  allowed  to  begin  upon  them, 
but  of  course  the  scrapping  of  a  lot  of  steam  locomotives 
was  a   serious    thing.    The  loss  of  experience  to  English 
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electrical  engineers,  because  of  this  hatred  of  scrapping,  is 
leading  to  other  incalculable  losses.  I  understand  that  the 
whole  generating  and  line  plant — the  whole  machinery  of 
the  Boston  tramways — has  been  scrapped  several  times 
since  they  first  were  driven  electrically.  Japan  has 
scrapped  all  her  old  civilisation  just  as  France  did.  During 
the  century  now  dying  Germany  has  made  the  most  sweep- 
ing changes  in  her  land  and  school  legislation,  and  indeed 
in  everything.  England  and  Spain  and  China,  how  they 
differ  in  this  respect  even  from  England's  own   colonies. 

Of  course  it  may  be  said  that  English  customs  have 
grown  during  centuries ;  they  are  well  tried  and  there  is  no 
pressing  need  for  sudden  alteration.  I  quite  agree,  but 
unfortunately  this  very  perfection  and  fitness  of  our  customs 
have  bred  in  us  a  want  of  flexibility,  so  that  in  cases  where  a 
sudden  change  is  really  necessary,  we  are  disinclined  to 
make  the  change  merely  because  it  is  a  change  and  for  no 
other  reason. 

No  one  has  ever  heard  me  speak  of  the  decadence  of 
England.  When  the  greatness  and  the  wealth,  the  manliness 
and  the  strength,  the  healthiness  and  good  life  of  England 
are  shown  forth  to  the  as  yet  ignorant  world  in  all  their 
magnitude  there  will  be  some  astonishment.  But  it  is  our 
duty  to  keep  up  our  high  standards.  We  must  change  what 
is  bad  when  we  know  it  to  be  bad,  and  not  let  bad  things* 
continue  to  exist,  parasitic  growths,  maintained  because  on 
the  whole  we  are  strong  and  healthy.  You  will  perhaps 
think  that  this  is  a  very  serious  exordium  when  I  tell  you  that 
I  have  introduced  it  all  on  account  of  the  state  of  mathe- 
matics in  our  profession.  I  feel  a  sort  of  degradation  every 
time  that  I  hear  a  successful,  clever  old  member  of  this 
Institution  sneering  at  mathematics.  There  is  a  plausibility 
about  his  statements ;  he  himself  has  been  very  successful 
in  life  without  much  help  from  mathematics ;  but  indeed 
his  sneer  is  doing  a  great  deal  of  harm  to  the  younger 
members  who  admire  his  success,  who  forget  that  he  has 


'  Such  as  our  wretched  system  of  weights  and  measures.     Oh  young 

America  and  Australia,  is  it  wise  to  waste  a  year  of  every  child's  life,  and 

years  of  the  life  of  every  business  man,  merely  because  we  do  it  in  England  ? 

^'""^  get  many  of  your  pedagogues  from  us,  and  of  course  they  say  that  with- 

"tB.,  qrs.,  and  lbs.,  and  Latin  declensions  and  Euclid,  the  mind  cannot  be 

Do  you  believe  them,  or  are  you  with  open  eyes  making  a  great 

ntal  sacrifice  ? 
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succeeded  in  spite  of,  and  not  because  of,  his  neglect  of 
mathematics. 

Our  knowledge  of  electrical  phenomena  must  be  quanti- 
tative to  be  of  practical  use  ;  we  must  be  able  to  calculate. 
Mathematics  is  the  science  of  calculation,  and  we  must 
therefore  be  able  to  employ,  and  we  all  do  necessarily 
employ,  less  or  more  mathematics  every  hour  of  our  pro- 
fessional lives.  The  draper  and  the  grocer  and  the 
housekeeper  merely  need  arithmetic.  Everybody  now  knows 
some  arithmetic.  Everybody  can  add  and  subtract  and 
multiply  and  divide,  and  keep  accounts  in  some  simple  sort  of 
way.  This  is  due  to  the  fact  that  arithmetic  is  no  longer  taught 
in  the  old  Greek  method  with  its  twenty-seven  independent 
characters  (for  our  ten  figures),  the  study  of  which  required 
a  lifetime,  so  that  only  old  men  could  do  multiplication, 
and  they  not  only  needed  many  houv  to  do  one  easy  bit  of 
multiplication,  but  declared  that  if  the  art  were  not  practised 
every  day  it  could  not  be  remembered.  Reading  and 
writing  and  ciphering  are  now  taught  to  everybody.  It 
used  to  be  that  only  learned  men  and  philosophers  could 
read,  write,  and  compute.  You  will  remember  the  charge 
that  was  brought  against  one  of  Shakespeare's  characters, 
who  was  said  to  possess  mere _  bookish  theory  without 
practical  knowledge.  "And  what  was  he  ?  "  "1 
great  arithmetician."  Nowadays,  when  every 
compute,  we  should  say  of  the  possessor  of  mei 
theory,  "  Forsooth  he  knows  the  calculus." 

For  in  mediieval  times  things  were  taught 
way  that  only  a  tew  men  had  a  chance  of  knc 
to  read,  write,  and  cipher.  We  have  been  coi 
change  all  that,  the  pedagogue  has  by  compulsioi 
his  mediseval  methods  of  teaching  in  these  things 
in  all  other  matters  he  retains  them.  But  a  time 
when  we  see  that  ciphering  is  not  enough  mathe 
us  to  be  familiar  with,  we  need  a  little  algebra 
co-ordinate  geometry,  we  need  the  differential  ar 
calculus.  The  pedagogue  tells  us  that  we  must 
orthodox  course  of  study,  which  takes  many  y 
some-  of  us,  many  of  us,  who  have  followed  the 
method  find  that  we  have  spent  so  much  time  a 
power  upon  it  and  its  thousands  of  unnecessary 
contrivances  and  philosophy,  that  we  can  take  ii 
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ideas.  We  cannot  utilise  our  mathematics  on  engineering 
problems  because  we  are  too  old  and  tired  and  blase  to 
comprehend  these  problems.  Nevertheless  we  are  the  only 
people  who  know  mathematics,  and  so  u-e  publish  volumes 
of  unmeaning  and  useless  disquisitions  on  problems  that  we 
do  not  understand.  Or  we  know  just  enough  mathematics 
to  be  able  to  show  our  ignorance  to  exjjerts,  but  quite 
enough  to  impress  engineers  with  our  knowledge  ;  and  we 
know  just  enough  about  engineering  problems  to  show  our 
ignorance  to  engineers,  but  quite  enough  to  impress  mathe- 
maticians, and  what  we  publish  is  merely  as  the  crackling 
of  thorns  under  a  pot. 

As  for  the  man  who  does  understand  electrical  problems, 
he  remembers  that  there  was  a  something  called  a  study  of 
mathematics  at  his  school,  that  he  did  pass  certain 
examinations  with  nuich  difliculty  and  tribulation,  that  the 
subject  had  no  real  meaning  to  him  even  when  he  was 
supposed  to  know  it,  and  he  now  hates  the  sight  of  any- 
thing that  looks  like  mathematics. 

I  tell  you,  gentlemen,  that  there  is  only  one  remedy  for 
this  sort  of  thing.  Just  as  the  antiquated  method  of  studying 
arithmetic  has  been  given  up,  so  the  antiquated  method  of 
studying  other  parts  of  mathematics  must  be  given  up.  The 
practical  engineer  needs  to  use  squared  paper.  What  is  the 
use  of  telling  him  that  he  has  taken  an  unauthorised  way  to 
the  study  of  co-ordinate  geometry,  that  he  cannot  approach 
it  except  through  Euchd  and  modern  geometry  and  geo- 
metrical conies  and  algebra  and  trigonometry.  He  says 
the  youngest  child  can  be  made  to  understand  diagrams  on 
squared  paper. 

So  again  the  idea  underlying  the  calculus  is  one  that  every 

child,  every  boy,  every  man  possesses  and  uses  every  day  of  his 

life,  and  there  are  useful  methods  of  the  calculus  that  might 

be  taucht  quite  quickly  to  boys,  and  which  it  would  be  a 

1  and  men  to  use  continually  in  all  sorts  of 

;ns,  but  of  course  the  subject  of  the  differen- 

calculus  is  one  that  must  come  at  the  end 

se  of  what  is  to  the  average  boy  utterly 

nd    unmeaning  mathematics.     Indeed,  the 

ver  reaches  the  subject,  whose  very  names, 

integral  calculus,  are  enough  to  drive  him 
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Yes,  the  schoolmasters  say  that  we  must  follow  the 
mediaeval  rules  of  the  game,  and  all  sorts  of  fine  things 
are  said  about  them,  but  as  a  matter  of  fact  we  only  need  to 
bring  a  little  common  sense  to  bear  upon  schoolmasters. 
At  present  most  of  us  stick  to  our  arithmetic  as  a  safe  and 
well-tried  friend.  We  compute  after  the  manner  of  the. 
draper  and  grocer  and  housekeeper.  In  finding  out  what  is 
the  best  size  of  conductor,  or  armature  winding  or  core,  or 
iron  and  winding  of  a  field  magnet,  we  calculate  by  mere 
arithmetic  for  one  size  and  then  for  another ;  perhaps 
we  have  weeks  of  arithmetical  computation  before  we  find 
the  right  size  of  thing  to  use,  and  we  cannot  frame  general 
rules.  And  some  foolish  person  who  knows  a  little  mathe- 
matics, works  at  the  problem  (as  we  ought  to  be  able  to 
do  but  are  not)  and  he  frames  a  general  rule  and  we  laugh 
at  it,  and  sneer  at  mathematics  because  he  has  probably 
left  out  of  account  the  most  important  consideration.  We 
know  that  the  result  is  wrong  but  we  cannot  say  why  it 
is  wrong. 

Then  there  are  some  far-reaching,  labour-saving  ideas 
that  we  simply  cannot  get  into  our  heads  at  all,  we  cannot 
comprehend  them.  Am  I  sinning  against  the  rule  as  to 
good  comradeship  which  exists  here  if  I  say  that  some  of 
us  are  ignorant  of  the  most  fundamental  fact  regulating 
economy  in  arranging  sizes  of  conductors  ?  Suppose  we 
find  the  total  cost  of  installing  a  conductor  of  a  certain 
length,  using  one  square  inch  section  of  copper.  We  do  the 
same  thing  for  other  sizes,  and  we  plot  total  cost  and  weight 
of  mere  copper  on  squared  paper.  I  do  not  care  what 
system  we  adopt  if  it  is  the  same  system  for  all  sizes,  and  if 
we  buy  our  materials  from  the  same  manufacturers  and  use 
the  same  kind  of  labour,  our  points  will  lie  very  nearly  in 
a  straight  line  on  the  squared  paper.  Hence  increased  cost 
will  be  proportioned  to  increased  weight  of  copper,  and, 
indeed,  increased  total  cost  will  be  like  the  mere  increase  in 
the  cost  of  copper,  taking  a  slightly  higher  price  of  copper 
per  ton.  Some  of  us,  ignorant  of  the  elementary  mathe- 
matics involved  in  the  problem,  think  that  the  mistake  has 
been  made  of  assuming  that  the  cost  of  an  installed  con- 
ductor is  merely  the  cost  of  the  copper  in  it,  and  of  course 
we  must  feel  that  it  is  too  absurd  a  mistake  not  to  be 
laughed  over.     With  an  elementary  knowledge  of  mathe- 
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matics  our  mistake  would  be  impossible,  and  without  such 
a  knowledge  the  clever  electrical  engineer  is  constantly 
discovering  mare's  nests  in  the  investigations  which  he 
criticises. 

I  know  of  long  misleading  accounts  of  the  results  of  good 
experimental  observations  which  might  have  been  described 
in  a  few  clear  words  by  the  aid  of  elementary  mathematics. 
I  know  men  who  spend  on  a  particular  problem  ten  times 
the  amount  of  worrying  thought  that  would  enable  them  to 
master  the  easy  mathematics  that  includes  all  such  problems. 
Quite  recently  one  of  our  most  eminent  members  declared 
to  me  that  he  had  not  really  grasped  the  reason  for  small 
economy  at  a  power  station  when  there  is  a  small  load 
factor  until  he  studied  the  common  sense  mathematical 
form  which  has  been  given  in  a  recent  publication.  And 
yet  he  is  a  man  who  has  heard  much,  and  read  much,  and 
talked  much  on  this  subject 

Every  electrical  engineer  has  a  correct  idea  of  how 
a  transformer  acts,  or  how  the  E.M.F.  in  one  of  the  coils 
of  an  armature  of  a  direct  current  or  other  generator,  or, 
let  us  say,  a  rotary  transformer,  changes  during  a  revolu- 
tion, and  how  the  E.M.F.s  of  all  the  coils  are  com- 
bined to  produce  currents  in  the  external  circuits.  But 
through  how  much  mathematical  tribulation  must  most  of 
us  have  passed  from  our  state  of  ignorance  to  our  present 
state  of  knowledge  !  It  is  no  wonder  that  we  are  disinclined 
to  the  study  of  a  new  phenomenon  which  seems  as  if  it 
might  lead  us  through  the  like  tribulation.  The  tribulation 
is  least  because  it  is  suflfered  only  once  if  we  first  learn  the 
Calculus  method  which  underlies  all  our  work ;  it  is  greatest 
if  w^e  get  it  up  in  a  completely  new-looking  form  in  every 
new  problem.  I  speak  now  of  what  is  most  difficult  in  our 
study,  for  there  is  thought  required  in  applying  the  Calculus 
method.  Thus,  for  example,  in  multiphase  work  at  the 
present  time  the  best  mathematicians  wonder  how  it  is 
possible  for  easy  calculation  to  be  made  in  such  a  subject. 
Wh?*  ^»'''  want  just  now  is  that  an  electrical  engineer 
?  th   three-phase   current    phenomena   should 

aaster  of  ordinary  easy  mathematics  that  he 
discovering  a  very  simple  way  of  putting  the 
.  At  present  calculation  is  easy  but  tedious, 
pellent;   but  I  am  perfectly  certain  that  a 
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competent  man  might  quickly  invent  methods  of  calculation 
which  are  not  only  easy,  but  short  and  thinkable.  Mathe- 
maticians with  the  requisite  electrical  knowledge,  again,  may 
be  lacking  in  sympathy  and  humour.  I  know  a  book  of 
more  than  three  hundred  large  pages  on  ordinary  alternating 
currents,  and  all  the  information  in  it  is  given  far  more 
simply  in  two  pages  of  another  book  with  which  some  of 
you  are  acquainted.  Possibly,  just  now,  mathematicians 
who  are  electrical  and  who  have  common  sense  have  too 
much  other  work  to  do,  and  we  must  wait  their  leisure. 

The  fact  is,  mathematics  ought  to  be  the  natural  language 
of   the  electrical  engineer,  and  at  present   it  is  a  foreign 
language  ;  we  cannot  read  or  write  or  think  in  it.     We  are 
at  the  beginning  of  our  development,  like  monkeys  whose 
necessities  have  increased  faster  than  their  powers  of  speech. 
Some  of  you  are  aware  that  a  new  method  of  teaching 
mathematics  has  recently  been   introduced   by  the  ever- 
to-be-praised  Science  and  Art   Department   in   nearly  all 
evening  classes  in  science  schools  throughout  the  country.^ 
I  wish  I  could  say  that  there  was  a  prospect  of  its  being 
introduced  in  all  schools,  for  it  seems  to  me  that  this  would 
lead  to  the  result  that  all  young  men  entering  works  would 
be  masters  of  that  kind  of  calculation  which  is  most  impor- 
tant in  electrical  engineering  ;  not  merely  a  few  men  having 
this  power,  but  the  average  men,  just  as  average  men  can 
read  arid  write. 

I  am  addressing  engineers,  men  who  utilise  the  results 
arrived  at  by  scientific  workers,  men  whose  profession  is 
applied  science.  '  But  surely  if  we  are  to  apply  the  results 
arrived  at  by  scientific  men,  If  the  laboratory  experiment  of 
to-day  is  to  be  our  engineering  achievement  of  to-morrow, 
we  ought  to  be  very  much  alive  to  all  that  is  going  on  in 
the  scientific  world. 

All  men  ought  to  be  far  more  alive  to  the  importance  of 
scientific  work.  On  the  psychological  side,  it  is  perfectly 
exasperating  to  me  to  see  how  few  are  the  men  who  know 
that  Darwin  has  given  a  key  to  almost  all  the  great  philo- 

'  See  summary  of  Lectures  on  Practical  Mathematics ;  also  the  Science 
and  Art  Directory,  and  the  Reports  of  Examiners  on  the  Science  Examinations 
of  1899  and  1900,  all  published  by  the  Education  Department,  South  Ken- 
tiagtoo,  S.W.  The  reforms  now  advocated  in  mathematical  and  science 
teaching  are  all  clearly  described  in  a  paper  read  before  the  Society  of  Arts 
in  January,  1880. 
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sophical  problems  of  antiquity,  and  that  there  is  a  great 
mental  development  accompanying  the  more  evident  en- 
gineering development  now  going  on  in  the  world.  Again 
it  is  the  fault  of  our  methods  of  education  that  all  our 
great  men,  our  most  important,  most  brilliant,  best  edu- 
cated men,  our  poets  and  novelists,  our  legislators  and 
lawyers,  our  soldiers  and  sailors,  our  great  manufacturers 
and  merchants,  our  clergymen  and  schoolmasters,  should 
remain  so  ignorant  of  physical  science,  the  application  of 
which  by  a  few  men  not  ignorant  is  transforming  all  the 
conditions  of  civilisation.^  But  of  all  men  just  think  what 
it  means  for  engineers  to  be  ignorant  of  science,  or  neg- 
lectful of  its  new  developments,  and  of  all  engineers  think 
what  it  would  mean  if  electrical  engineers  sinned  in  this 
way. 

Except  ours,  all  other  branches  of  industry  have  taken 
thousands  of  years  to  grow.  There  were  bridge  and 
hydraulic  and  sanitary  and  harbour  and  river  engineers  in 
ancient  Rome,  and  such  engineers  existed  thousands  of 
years  before  the  first  papyrus  was  written  in  Egypt.  But 
no  Assyrian  tile  or  Egyptian  hieroglyphic  or  relic  from  a 
tomb  indicates  that  telephones  or  electric  motors  or  electric 
lights  existed  before  our  time.  No  gradual  improvement 
in  our  methods  of  conquering  nature  led  up  from  small 
beginnings  in  our  electrical  engineering.  Our  profession 
has  not  grown  during  thousands  of  years  of  time  like  other 
professions.  It  has  sprung  suddenly,  full  grown,  from  the 
new  spirit  which  is  going  to  rule  the  souls  and  bodies  of 
men,  the  spirit  of  research  in  pure  science.  The  new  spirit 
puts  knowledge,  mere  knowledge  of  nature,  as  its  highest 
aim.  The  scientific  student  knows  that  all  sorts  of  good 
must  come  to  mankind  from  his  studies;  all  sorts  of  scientific 
knowledge  are  sure  to  be  utilised  by  engineers,  but  in  the 
pursuit  of  science  the  usefulness  and  utility  of  the  result  are 
of  no  importance.  And  are  we — we  who  have  received  the 
first-fruits  of  the  labours  of  scientific  men,  we  the  first-born 
spoilt  children  of  the  great  parent  of  all  that  is  to  come,  we 
who  form  the  foremost  files  of  the  present  time — are  we 
going  to.  turn  upon  our  beautiful  young  mother  and  say  she 
is  useless  and  ugly,  and  she  hinders  our  money-making, 
and  that  we  are  willing  to  kill  her  for  the  sake  of  the  burial 

'  See  articles  in  Nature  of  July  5th  and  August  2nd. 
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fee  ?  Thask  Gcd  dial  i>  the  s^r^irii  ot  on'v  a  Kvr  o4  u>i. 
Hare  we  rycH  as  in  In>r:ra::.^n  gone  to  ^:nfat  expen?*?  in  the 
pniKicaiion  of  SriVx^v  Ah>:rj<'Ts  in  partnership  \nth  ihe 
Physical  Sooeiy  r  That  puKicativ^n  has  been  and  c\^>- 
tinues  to  be  c4  the  very  gneatest  value  U>  all  slinlents  of 
jHire  and  applied  science  who  read  oia*  Iai>4^iiA^\  l\>r  it 
tells  them  the  results  of  all  the  scientitic  w»rk  now  being 
done  in  all  parts  c*f  the  world.  And  even  it  some  of  ns  do 
not  read  that  useful  puWication,  do  we  not  know  that  it  is 
there  to  read  if  we  like  ?  Do  we  not  know  that  it  is  a 
s\TnboI  of  our  redemption  from  the  yoke  of  the  Philistine  ? 
It  is  one  of  many  signs  that  in  answer  to  the  question 
which  1  have  asked  in  this  address,  we  can  truthfully  say 
that  we  are  professional  men,  that  our  profession  has 
promise  of  enormous  expansion  and  improvement,  and  that 
we  are  not  likely  to  t)ecome  mere  tradesmen, 

1  am  afraid  that  you  will  think  that  I  ha\*e  a  personal 
interest  in  putting  t>efore  you  the  claims  for  consideration 
of  the  pursuit  of  pure  science,  l>ecause  you  know  that  I  am 
trying  to  defend  Kew  Obser\'atory  from  imminent  danger. 
In  truth  I  have  no  interest  in  this  matter  unbecoming  a 
president  of  this  Institution.  For  two  years  I  have  been 
trj'ing  to  reason  with  traction  engineers.  Like  many 
other  electrical  engineers  these  gentlemen  desire  to  use 
uninsulated  return  conductors.  If  they  do  so  near  a  mag- 
netic observatory  certain  records  of  terrestrial  magnetic 
disturbances  are  quite  spoilt.  At  Potsdam  this  sacrilege 
has  been  forbidden.  At  Washington,  Toronto,  Capetown, 
and  most  other  important  places  the  magnetic  records 
have  already  been  rendered  useless.  Professor  Riickcr 
and  I  were  asked  by  the  other  members  of  the  Committee 
of  the  Royal  Society  which  was  in  charge  of  the  Kew 
Observatory  to  defend  Kew,  and  with  the  help  of  Her 
Majesty's  Treasury  we  thought  we  were  able  to  insist  upon 
the  use  of  insulated  returns  in  all  undertakings  authorised 
by  Parliament  where  harm  was  likely  to  be  inflicted  on 
Gk)vernment  observatories.  I  may  say  that  the  scheme 
designed  by  Mr.  Clifton  Robinson  for  using  an  insulated 
return  conductor  in  the  working  of  the  tramways  of  the 
London  United  Tramways  Company,  in  consequence  of  our 
action,  was  a  thoroughly  good  scheme  which  it  gave  one 
satisfaction  to  look  at,   not  ugly  and   not   expensive.     It 
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seemed  to  me  a  fit  scheme  for  any  tramway  system,  however 
complex,  in  which  overhead  conductors  are  used.  You  are 
aware  that  for  an  electric  railway  or  for  a  tramway  where  an 
underground  conduit  is  employed,  it  is  in  every  way  better, 
and  it  is  in  a  large  scheme  actually  cheaper  to  use  an  insulated 
return.  We  felt  therefore  very  happy,  for  magnetic  observa- 
tories seemed  quite  safe  from  interference.  We  were,  how- 
ever, mistaken,  for  the  only  clause  which  we  have  been  able 
to  get  inserted  in  all  Parliamentary  authorisations  of  under- 
takings, leaves  it  to  the  Board  of  Trade  to  substitute  other 
methods  of  protection  than  the  insulation  of  the  return 
conductors  in  cases  where  these  other  methods  seem  to  be 
sufficiently  good  for  the  protection  of  laboratories  and 
observatories,  and  this  is  why  the  Board  of  Trade  appointed 
the  Committee  which  met  on  the  31st  of  October  probably 
for  the  last  time. 

Professor  Ruckcr,  Professor  Ayrton,  and  I  have  made 
many  tests  on  the  magnetic  disturbtmces  produced  by  tram- 
ways and  railways,  particularly  by  the  Stockton  tramways 
and  by  the  Waterloo  and  City  Railway,  and  we  have  had 
many  meetings  with  the  traction  engineers,  but  nothing  has 
yet  been  decided. 

I  mention  this  matter,  which  has  given  great  anxiety  to 
scientific  men,  because  I  am  afraid  that  some  of  you  may 
think  when  you  hear  of  it  that  I  have  been  acting  agaiast 
the  interests  of  the  electrical  industry.  I  beg  to  assure  you 
that  I  have  been  acting  in  your  best  interests.  As  an 
electrical  engineer  I  ought  surely  to  regret  the  use  of  un- 
insulated returns  even  if  we  leave  Kew  Observatory  out 
of  account.  Suppose  we  do  not  now  insulate  our  returns. 
Electricity  will  certainly  return  by  gas  and  water  pipes,  and 
the  amount  of  harm  done  to  those  pipes  is  merely  a  question 
of  time.  Because  of  the  ignorance  of  legislators  and  gas 
and  water  companies,  nothing  is  said  just  now,  but  \yill 
nothing  be  said  at  the  end  of  ten  or  twenty  years  when 
pipes  are  found  to  be  eaten  away  everywhere  ?  And  if  by 
a  slight  increase  of  expense,  or  rather,  as  I  think,  actually 
no  increase  of  expense,  but  merely  a  little  increase  in 
inventiveness  and  common  sense  on  the  part  of  electrical 
engineers,  this  evil  may  be  entirely  prevented,  surely  it  is  in 
the  interests  of  all  of  us  that  insulated  returns  should  be 
insisted  upon.     But  even  if  we  dp  not  insist  on  insulating 
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tbe  retnros  in  all  systems,  snrely  something  may  be  said  for 
the  giving  of  tins  fMX>tection  on  lines  near  such  a  magnetic 
ofaserratory  as  Kew.  Even  the  magnet ograph  records  now 
being  made  have  been  continuous  for  forty-fi\^  years,  and 
if  Kew  is  interfered  with  no  sum  of  money  can  compensate 
for  the  interference ;  for  if  the  Observatory  were  removed 
the  future  observations  would  have  no  link  with  the  past. 

An  engineer-  in  this  room  declared  that  it  seemed  to 
him  an  injustice  to  hamper  the  progress  of  electric  tram^ 
ways  "  for  the  sake  of  making  observations  that  never  have 
given,  and  never  may  give,  to  the  world  any  important 
results,"  Now,  it  is  not  so  much  on  account  of  Kew  that 
I  object  to  this  sort  of  observation,  as  for  its  general  spirit 
of  antagonism  to  scientific  research. 

There  is  no  doubt  that  the  answer  to  the  old  question 
which  Gilbert  might  have  asked  three  hundred  years  ago, 
•*  What  is  the  cause  of  terrestrial  magnetism  ? "  is  very 
jealously  hidden  from  us  by  Nature.  The  earth  probably 
contains  much  iron,  but  its  great  internal  heat  seems  to 
forbid  our  imagining  the  iron  to  be  magnetic.  The  assump* 
tion  that  a  negative  electric  charge  on  the  rotating  earth 
will  explain  things,  requires  such  an  enormous  charge  that 
this  assumption  has  been  discarded.  There  are  annual  and 
diurnal  variations  of  a  fairly  regular  kind  ;  there  are  storms 
which  have  some  relation  to  the  Aurora  Borealis,  to  sun- 
spots  and  to  earth  currents.  There  are  small  sudden 
changes  which  seem  to  occur  almost  instantaneously  all 
over  the  earth.  Observations  of  these  things  may  be 
useless  from  some  points  of  view,  but  scientific  men  have 
been  and  continue  to  be  willing  to  give  up  time  and  much 
money  for  this  object.  Utilitarians  had  to  be  cajoled 
through  superstition  to  allow  observations  of  the  stars  to 
be  carried  on  in  ancient  times,  and  we  have  no  such 
cajolery  to  offer.  We  simply  say  that  it  has  been  through 
this  sort  of  useless-looking  method  of  working  that  all  our 
progress*  in  science  has  come. 

Engineers  descended  from  men  who  sneered  at  Caven- 
dish and  Franklin  and  Volta  and  Oersted  and  Ohm  and 
Faraday,  are  you  who  utilise  the  results  of  the  work  so 
sneered  at  and  pile  up  fortunes  in  consequence  of  it,  are 
you  the  men  to  sneer  at  and  ridicule  the  scientific  work  of 
the  present  day  because  it  seems  to  you  useless  ? 
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Tell  US  a  better  method  of  observation  ;  give  us  better 
suggestions  as  to  what  these  magnetic  phenomena  may 
mean  ;  but  the  past  record  of  scientific  observation  enables 
us  to  laugh  at  you  when  you  say  that  magnetic  observations 
may  never  give  the  world  any  important  results.  Was 
Nature  ever  so  open  and  yet  so  closed  about  a  secret  as 
she  is  about  this  one  of  terrestrial  magnetism  ?  Was  there 
ever  one  whose  revelation  promised  so  much  ?  How  very 
little  we  know  of  electricity  and  magnetism !  Does  the 
mere  motion  of  the  earth,  taking  no  account  of  electric 
charges  at  all,  cause  it  to  be  magnetic  ?  Almost  anything 
is  on  the  cards.  Surely  I  need  not  appeal  to  your  cupidity, 
but  it  is  quite  possible  that  our  knowledge  of  this  secret 
may  enable  us  to  tap  a  tremendous  store  of  Nature's  energy. 

Gentlemen,  this  is  not  a  trades  union,  and  it  is  not  a 
society  for  the  furtherance  of  pure  scientific  research,  but 
it  is  a  society  of  professional  men  who  recognise  the  past 
services  of  scientific  observers  with  gratitude  and  respect, 
and  hope  for  greater  ones  in  the  future.  And  shall  it  be 
said  of  us  that  our  gratitude  is  not  greater  than  that  of 
Judas,  to  whom  indeed  thirty  pieces  of  silver  was  doubtless 
a  large  sum  ;  that  "  we  have  given  our  hearts  away  a  sordid 
boon;"  and  that  as  to  our  future  hopes  we  are  willing  to 
sell  our  birthright  for  a  mess  of  pottage  ? 

Professor  George  Forbes  :   I  am  much  gratified  in 

being  permitted  to  propose  "  That  a  hearty  vote  of  thanks 

be   offered   to    Professor    Perry   for    his   most   interesting 

address,  and  that  with  his  permission  the  address  be  printed 

in  the  Journal  of  the  Proceedings  of  the  Institution."     I 

think  you  will  all  agree  with  me  that  you  have  a  President 

who  has  shown  by  the  splendid  address  which  we  have  just 

heard  that  he  is  a  man  who  can  form  his  views  in  an 

independent  spirit,  that  he  will  bring  them  forward  at  the 

right  time  in  an  effective  manner,  and  has  no  fear  of  their 

being  pleasing  or  displeasing  to  anybody  in  the  world  as 

long  as  he  feels  he  ought  to  put  them  forward.    As  long  as 

we  have  such  men  among  our  body  he  need  have  no  fear 

ineering  will  fall  behindhand.    We  shall,  so  long, 

ho  will  have  the  boldness,  the  imagination,  and 

carry  out  new  engineering  works  in  the  face  of 

\  have  seldom  listened  to  a  more  interesting 
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address  than  the  one  that  is  concluded,  and  that  has  been 
only  too  short  There  is  a  great  deal  that  Professor  Perry 
has  kept  back  that  he  can  still  produce  on  the  same  strain,  I 
am  perfectly  sure.  At  the  same  time  I  am  sure  that  each 
one  of  us  here  has  found  much  in  the  address  which  he 
would  like  to  argue  out  with  Professor  Perry  quietly  over  a 
table.  This  is  not  a  fitting  occasion,  however,  to  argue  the 
various  points,  but  there  is  no  doubt  that  every  single  point 
which  has  been  raised  by  Professor  Perry  is  one  worthy  of 
discussion,  and  one  that  each  of  us  would  benefit  by 
thinking  out  thoroughly  for  himself,  and  seeing  it  in  the 
new  light  in  which  it  has  been  put  before  us  by  Professor 
Perry.  He  has  told  us  that  the  three  classes  who  are 
necessary  to  the  furthering  of  our  profession  are  in  danger  of 
falling  behind — the  consulting  engineers,  the  manufacturers, 
and  the  capitalists  who  own  the  plant.  I  think  we  must  all 
feel  that  there  is  this  danger,  and  that  if  we  do  not  bestir 
ourselves  we  shall  be  running  a  serious  risk  of  being  left 
behind.  I  could  say  a  great  deal  of  the  conclusions  one 
has  arrived  at  on  these  points,  but  this  would  not  be  the 
time  to  do  so.  I  certainly  agree  with  a  great  deal  of  what 
Professor  Perry  has  said  on  these  subjects,  and  on  certain 
others  I  hold  different  views  which  I  should  be  very  glad  to 
talk  over  with  him  some  other  time. 

1  think  it  augurs  well  for  the  state  of  the  profession  in 
this  country  that  the  address  which  we  have  heard  has  been 
listened  to,  not  only  with  such  rapt  attention,  but  with  such 
manifest  approbation  by  so  large  an  audience  of  engineers 
here.  In  the  earlier  days  of  electrical  engineering  1  do  not 
think  that  Professor  Perry  would  have  been  applauded  so 
much  when  he  spoke  about  the  benefits  of  theory.  The 
period,  however,  is  past  now  when  engineers  despised  know- 
ledge, when  it  was  the  commonest  thing  in  the  world  for  an 
ignorant  man  to  brag  about  it  and  say,  *'  Oh,  1  am  not  a 
theorist ;  1  do  not  know  anything  about  theory.  I  am  a 
practical  man."  What  an  assumption  for  any  man  to  claim 
for  himself  such  a  splendid  title  !  The  practical  man  is  the 
man  who  knows  everjrthing,  and  who  has  imagination,  and 
resource,  and  the  readiness  to  apply  it  when  it  is  required. 
It  was  the  most  egregrious  act  of  assumption  to  have  claimed 
such  a  title,  and  there  are  few  engineers  who,  in  the  fullest 
sense,  deserve  that  splendid  title  of  being  practical  men. 
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Professor  Perry  has  made  that  as  clear  as  possible  to-day, 
and  the  advance  in  thought  that  has  come  of  late  years  has 
shown  that  these  views  are  appreciated,  and  that  knowledge, 
rightly  applied,  is  at  the  basis  of  success  in  engineering. 

So  also  we  must  appreciate  the  value  he  has  attached  to 
pure  physical  science,  to  laboratory  research,  and  still  more 
to  mathematics,  which  is  a  tool  that  enables  us  to  put  our 
knowledge  to  practical  use.  I  think  it  was  Sir  William 
Siemens  who  told  us  that  he  considered  mathematics  were 
a  very  good  servant  but  a  very  bad  master.  Mathematics  is 
really  a  process  of  logic,  and  when  your  premises  are  given, 
your  mathematics  ought  to  give  the  correct  deduction  and 
the  right  conclusion.  The  difficulty  is  in  getting  your 
premises.  Lord  Westbury  once  said,  with  regard  to  logical 
argument,  to  a  rising  barrister, "  Never  be  in  fault  in  deriving 
wrong  conclusions  from  facts  :  the  facts  are  at  your  own 
disposal." 

I  think  we  must  all  have  felt,  in  listening  to  this  address, 
that  there  was  something  that  inspired  us  and  filled  us  with 
admiration,  besides  the  mere  words  which  were  uttered,  and 
that  is  the  obvious  thought  that  had  been  required,  the  long 
period  of  thought  from  which  this  address  resulted.  We 
felt  that  it  was  evidently  the  result  of  years  of  thinking,  and 
the  obvious  sincerity  and  earnestness  of  the  speaker  con- 
vinced those  who  might  not  have  held  the  same  views  before 
they  came  into  the  room.  Again,  the  charm  of  language 
and  the  telling  way  in  which  the  facts  have  been  put  before 
us  have  raised  this  address  very  far  above  the  average.  In 
fact,  it  has  confirmed  the  opinion  which,  I  suppose,  is  pretty 
universal  among  literary  men,  viz.,  that  the  finest,  most 
enthralling,  most  imaginative  and  poetic  work  that  has 
been  published  in  the  lifetime  of  any  of  us,  after  the 
"  Prisoner  of  Zenda,"  is  Professor  Perry's  book  upon 
spinning-tops. 

Dr.  SiLVANUS  P.  Thompson  :  This  notice  will  be  seconded 
by  our  oldest  past- President  present,  who  happens  also  to 
be  the  oldest  living  telegraph  engineer,  Mr.  Spagnoletti. 

Mr.  C.  E.  Spagnoletti  :  It  gives  me  great  gratification 
and  pleasure  to  have  the  opportunity  of  seconding  the  vote 
of  thanks  proposed  by  Professor  Forbes.  We  are  all  very 
much  indebted  for  the  lesson  we  have  received  to-night, 
\  hope  all  our  young  members  will  lay  it  to  their  hearts,  and 


prrife  br  wbi:  ihfy  have  hea^d.  >r  ihai  ihrv  Tn;.v  ^^-x  iK -' 
reTard-  Prniersar  Perrr  i^  a  mar.  oc  ^ca:  rncO'  ^"'-'^ 
pcnrer.  1  beiiere  h  t-  cmh-  yesaerday  hr  was  do^T.  a:  Xrv- 
castle,  thrrmiiu:  ins  mantir  ovfr  the  norrherr  branch  m  *Mir 
Instrmtian,  and  assistin|:  in  the  hii5sne55>  there  vhic^h  prv"^\x*d 
sacfa  a  T^enr  gr^sl  sacctss.  The  lab^-uiTS  a:  :ha:  day  mxnr 
heavy  npon  him.  He  had  to  be  np  aga:n  early  To^-day,  and 
after  las  journey  be  is  here  t.-^night  to  g:vc  us  ihe  benefit  ol 
his  advioe.     I  hare  great  pleas^ore  in  seconding  the  v*>te  o» 


The  motion  was  carried  by  acclamation. 

The  Presidext  :  I  can  only  say  that  it  has  been  oxoeed* 
ingiy  good  of  yoa  to  hslen  to  me  with  so  much  attention* 
1  knew  that  too  would,  whatever  I  mii:jht  say  aini  x^iiothcr 
you  approved  or  disapproved,  but  !  did  not  expect  s*>  much 
enthusiasm.  It  was  especially  good  in  IVotessiir  Fi>rbcs  to 
speak  as  he  has  done,  and  it  has  been  very  pleasant  to  listen 
to  Mr.  Spagnoletti.  Of  course  I  know  perfectly  \wU  that 
when  you  have  time  to  reflect  you  will  like  to  anjne  out  this 
whole  business,  for  there  is  plenty  to  be  said  on  the  other 
side  of  each  of  the  questions  1  have  raised*  But  then  \\*c 
are  always  saying  those  other  things,  whereas  to-night  I 
w*anted  to  say  these  things. 

When  Colonel  Crompton  and  I  bicycle  together  in  the 
morning  before  breakfast,  we  take  opposite  sides  and  some- 
times we  change  sides  in  discussing  these  questions,  ;u\d  1 
have  discussed  them  with  many  others  of  our  prominent 
members,  and  all  through  this  address  1  have  let  yon  »eo 
how  well  I  know  that  there  is  another  side. 

Mr.  Spagnoletti  has  referred  to  the  Newcastle  local 
section.  Gentlemen,  I  have  great  pleasure  in  going  to  sec 
these  colonies  of  ours,  and  the  Newcastle  one  is  uh  inter- 
esting as  any.  We  sat  down  to  dinner  last  night,  ahotit 
sixty  of  us ;  Mr.  Heaviside,  who  has  come  all  the  way  to 
hear  this  address  to-night,  was  in  the  chair  ;  and  a  better 
looking  set  of  heads,  engineering  heads,  thoughtful  headn, 
it  would  be  very  difficult  to  find  anywhere.  I  congratulate 
you  on  your  colony  at  Newcastle,  and  1  congratulate  niynclf 
on  not  being  quite  too  tired  with  my  two  days'  journey  to 
read  my  address  to  you.  1  thank  you  again  for  your 
attention  and  applause. 


TRANSFEl^S.  [Nov.  S2nd, 


The  Three  Hundred  and  Fifty-first  Ordinary  General 
Meeting  of  the  Institution  was  held  at  the  Institution 
of  Civil  Engineers,  25,  Great  George  Street,  West- 
minster, on  Thursday  evening,  November  22nd,  1900 
—Professor  John  Perry,  F.R.S.,  President,  in  the 
Chair. 

The  minutes  of  the  Ordinary  General  Meeting  held  on 
November  8th,  1900,  were  read  and  confirmed. 

The  names  of  new  candidates  for  election  into  the 
Institution  were  announced,  and  it  was  ordered  that  they 
should  be  suspended. 

The  following  transfers  were  announced  as  having  been 
approved  by  the  Council : — 

From  the  class  of  Associates  to  that  of  Members — 

Francis  Gibson  Baily. 

From  the  class  of  Associates  to  that  of  Associate 
Members — 

Ernest  Denn  Long. 

Messrs.  R.  Tervet  and  E.  Brothers  were  appointed 
Scrutineers  of  the  ballot  for  the  election  of  new  members. 

Donations  to  the  Library  and  the  Building  Fund  were 
announced  as  having  been  received  since  the  last  meeting, 
to  the  Library  from  Mr.  E.  Garcke  and  to  the  Building 
Fund  from  Professor  Epstein,  Mr.  T.  Gushing,  Mr.  W.  von 
Siemens,  Captain  E.  VV.  Creak,  Mr.  R.  von  Boschan,  Mr. 
R.  Portelli,  Mr.  W.  M.  Mordey,  Sir  Henry  Mance,  and 
Colonel  R.  E.  Crompton,  to  whom  the  thanks  of  the 
meeting  were  duly  accorded. 

The  following  paper  was  then  read  : — 
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TELEGRAPHS  AND  TELEPHONES  AT  THE      v/^ 

PARIS   EXHIBITION. 

By  J.  Gavey,  M.lnst.C.E.,  M.I.E.E. 

The  successive  Universal  Exhibitions  that  have  been  held 
in  Paris  since  the  year  1878  may  not  inappropriately  be 
regarded  as  milestones  along  the  road  of  progress  in  Tele- 
graphic and  Telephonic  industries,  for  each  in  its  time  has 
not  only  aCforded  unriv<alled  opportunities  for  the  study  of 
new  work,  but  collectively  they  offer  conclusive  evidence  of 
the  value  of  the  various  discoveries  or  fresh  departures  that 
have  been  made  from  time  to  time  in  various  fields  of  re- 
search, and  the  degree  of  success  that  has  been  achieved  by 
past  inventors  and  workers  may  usefully  be  laid  to  heart  by 
those  engaged  in  similar  efforts  at  the  present  moment. 
Thus,  for  example,  glancing  back  at  the  reports  of  the  Paris 
Exhibition  of  1878,  there  will  be  found  in  the  list  of  tele- 
graphic exhibits  the  Hughes  type-printing,  the  Baudot 
Multiple,  the  Duplex,  the  Quadruplex,  the  Wheatstone,  and 
other  systems  which  have  achieved  permanent  success,  as  is 
forcibly  illustrated  by  the  State  Telegraphic  Exhibits  of 
working  apparatus  in  the  i960  Exhibition,  in  which  they 
all  appear  as  instruments  in  daily  use.  On  the  other  hand, 
many  apparently  promising  inventions  which  were  pro- 
minent in  the  1878  and  in  successive  Exhibitions  have  either 
dropped  out  of  sight  altogether  or  are  still  in  the  course  of 
development — so  far,  at  all  events,  <as  actual  practical  use  is 
concerned. 

Class  26  in  the  catalogue  includes  Telegraphs,  Tele- 
phones, and  Phonographs,  and  I  propose  to  deal  with  the 
sub-divisions  in  this  order.  Further,  I  may  add  that  in  the 
brief  review  that  I  have  undertaken  of  the  exhibits  in  this 
class  I  propose  to  dwell  only  on  those  which  show  consider- 
able novelty,  or  which  illustrate  the  progress  made  during 
the  last  decade,  rather  than  to  attempt  an  exhaustive  descrip- 
tion of  the  class  as  a  whole. 

Under  the  head  of  Telegraphs  there  are  three  distinct 
systems  of  Telegraphy  which  deserve  special  mention,  each 
exhibiting  considerable  merit  from  the  scientific  point  of 
view,  although   p6ssibly   they  may  be  unequal    from  the 
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practical  standpoint.  They  are  designed  either  with  a  view 
of  increasing  the  amount  of  traffic  which  can  be  carried  by  a 
telegraph  circuit,  or  of  abolishing  the  transcription  at  the 
receiving  instruments  necessary  with  MiDrse  methods ;  but 
they  are  based  on  very  different  principles. 

Rowland's  Mtdtiflex, — ^The  Rowland  Telegraphic  Com- 
pany of  Baltimore,  Maryland,  exhibit  an  apparatus  of  the 
multiplex  type  of  working  which  will  admit  of  eight 
messages  being  sent  simultaneously,  four  in  each  direction. 
The  apparatus  was  at  work  in  the  Exhibition,  and  we 
were  told  that  satisfactory  results  had  been  obtained 
over  a  distance  of  six  hundred  miles  of  actual  line  in 
America.  This  is  so  far  in  excess  of  the  mileage  over  which 
we  have  been  able  to  work  in  this  country  with  Delany's 
Multiplex,  that  a  brief  explanation  of  the  principle  of  multi- 
plex working  generally  may  fitly  precede  a  description  of  the 
new  invention. 

Multiplex  telegraphy  is  based  on  the  fact  that  the  carrying 
capacity  of  an  overhead  telegraph  circuit  is  far  in  excess  of 
the  speed  at  which  a  telegraphist  can  manipulate  his  key. 
For  example,  a  wire  which,  worked  by  automatic  Wheat- 
stone,  could  dispose  of  three  hundred  words  per  minute, 
if  worked  by  hand  can  only  carry  on  an  average  thirty 
words  per  minute.  The  inventors  of  the  Delany  system  of 
Morse  multiplex  have  therefore  designed  a  method  of  in- 
creasing the  carrying  capacity  of  a  wire,  while  retaining  the 
ordinary  method  of  key  manipulation,  which  is  based  on 
the  following  general  principles :  Two  commutators,  each 
divided  into  a  considerable  number  of  separate  segments, 
are  fitted  at  opposite  ends  of  a  circuit.  Groups  of  these 
segments  are  connected  in  proper  sequence  to  the  number 
of  instruments  to  be  worked  simultaneously,  while  between 
each  group  certain  segments  are  reserved  for  the  mainten- 
ance of  synchronism.  The  brushes  to  which  the  line  wire 
is  connected  are  caused  to  revolve  synchronously  by  suitable 
means,  and  as  they  sweep  over  the  segments  they  complete 
the  telegraphic  circuit  for  a  very  brief  interval  through  three, 
four,  or  six  corresponding  pairs  of  instruments  manned  by 
separate  operators — first.  No.  i  instrument  of  one  terminal 
station  being  connected  to  No.  i  instrument  of  the  other  ; 

\t,  No.  2  to  No.  2,  and  so  on.    These  successive  connec- 
follow  one  another  so  rapidly  that,  although  the  initial 


1900-]  AT  THE   PARIS  EXHIBITION.  75 

current  necessary  to  signal  a  dot  or  a  dash  in  the  Morse 
system  from  No.  i  instrument  at  one  end  to  No.  i  instru- 
ment at  the  other  may  be  interrupted  four  or  five  or  six 
times,  these  interruptions  are  of  such  brief  duration  that 
they  do  not  affect  the  continuity  of  the  signal  received,  any 
tendency  in  that  direction  being  counterbalanced  by  suitable 
methods.  In  this  manner,  with  the  Post  Office  Delany 
system,  six  messages  may  be  simultaneously  in  course  of 
transmission  over  the  same  wire  without  the  signals  inter- 
fering with  each  other,  so  long  as  the  synchronism  of  the 
revolving  brushes  is  maintained.  This  being  premised,  if 
the  electric  current  traversed  the  line  from  end  to  end 
without  retardation,  there  would  be  no  limit  to  the  distance 
over  which  this  method  of  signalling  would  be  available. 
Unfortunately,  however,  the  current  is  retarded  between  the 
forwarding  and  receiving  stations,  this  retardation  being 
largely  due  to  the  electrostatic  capacity  of  the  line,  in  com- 
bination with  its  resistance,  and  although  in  practice  suitable 
arrangements  provide  for  a  certain  amount  of  retardation  of 
the  line  current,  still  a  point  is  soon  reached  beyond  which 
satisfactory  working  of  the  existing  Multiplex  system  be- 
comes practically  impossible,  the  current  say  from  No.  i 
instrument  at  one  end  arriving  at  the  other  end  after  the 
line  has  left  No.  i  instrument  and  has  been  connected  to 
No.  2. 

A  modification  of  the  above  system,  designed  by  Mr. 
Pollock,  of  the  General  Post  Office,  is  intended  to  obviate  to 
some  extent  this  difficulty.  By  an  improvement  in  the 
method  of  synchronising  which  abolishes  hunting,  and  by 
dividing  the  commutators  into  two  concentric  series,  one 
for  transmitting  and  the  other  for  receiving,  and  mounting 
them  so  that  one  series  may  be  revolved  relatively  to  the 
other  by  a  variable  adjustment,  it  is  possible  to  arrange  that 
the  receiving  contacts  shall  lag  behind  the  transmitting  ones 
for  exactly  the  period  taken  by  the  current  in  traversing 
the  line.  This  method  is  still  under  experimental  trial,  but 
it  is  at  present  only  adapted  for  Morse  signalling. 

The  Rowland  apparatus  has  the  following  promising 
characteristics  : — 

Messages  are  transmitted  from  several  sets  of  keyboards 
of  the  typewriting  character,  and  any  typewriting  clerks 
should,  with  a  little  practice,  be  able  to  manipulate  them. 
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The  messages  are  received  on  instruments  which  print  them 
in  ordinary  type  on  a  long  roll  of  paper,  which  is  perforated 
at  convenient  intervals  to  facilitate  division  when  the 
received  messages  are  printed. 

The  electrical  apparatus  consists  of  an  alternate  current 
dynamo  as  the  source  of  power,  from  which  a  continuous 
series  of  electrical  undulations  traverse  the  circuit  when  no 
printing  signals  are  being  sent. 

The  synchronism  between  the  receiving  apparatus  and 
the  alternating  currents,  on  their  arrival  from  the  distant 
office,  is  provided  for  by  means  of  a  small  continuous 
current  motor,  to  which  is  rigidly  geared  a  little  alter- 
nator, both  fix^ed  on  a  shaft  in  the  same  axial  line  as  the 
main  driv^ing  shaft  of  the  receiver.  A  circuit  in  which  are 
two  condensers,  which  are  alternately  charged  and  discharged 
from  a  battery  by  the  to-and-fro  movement  of  the  main 
relay  tongue  actuated  by  the  received  alternations,  is  so 
connected  up  with  the  alternating  motor  on  the  receiver, 
that  when  the  received  undulations  from  the  line  and  those 
due  to  the  local  alternator  on  the  receiver  are  in  unison, 
only  a  continuous  uniform  beat  is  heard  in  a  telephone  used 
as  a  synchronising  detector.  The  speed  of  the  receiving 
alternator  is  varied,  by  the  insertion  of  resistance  in  the 
motor  driving  it,  until  this  result  is  arrived  at.  Once  attained, 
synchronism  is  maintained  automatically  by  the  local  alter- 
nator acting  either  as  a  dynamo  or  motor,  according  as  the 
speed  of  the  shaft  tends  to  advance  or  recede.  The  main 
driving  shaft  on  which  the  printing  mechanism  is  mounted 
is  revolved  by  a  second  independent  motor,  and  by  suitable 
adjustments  of  the  resistance  in  this  motor  circuit  the  correct 
speed  is  arrived  at.  This  done,  then  so  long  as  the  two  shafts 
run  with  absolute  uniformity  a  little  jockey  wheel  connected 
to  the  first  rides  on  a  small  insulated  point  in  a  disc  attached 
to  the  second.  If  the  main  driving  shaft  lags,  the  jockey  wheel 
makes  a  brief  contact  which  Veduces  the  resistance  in  the 
circuit  of  the  driving  motor,  thereby  increasing  its  speed, 
whereas  if  it  advances  a  second  contact  is  made  which 
energises  an  electro-magnet  and  establishes  a  magnetic 
break  by  the  generation  of  eddy  currents  in  a  copper 
disc  revolving  between  its  poles.  The  synchronising  of 
the  two  sets  of  apparatus,  therefore,  is  a  relatively  simple 
T^tter ;    and   as  the  receiving    apparatus  is  synchronised 
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SO  as  to  run  in  onison,  not  with  the  distributing  discs 
at  the  forwarding  end,  but  with  the  retarded  currents 
which  arrive  at  the  receiving  end,  there  is  no  re;ison  to  doubt 
the  possibility  o(  working  for  much  longer  di>t:uices  than  is 
possible  vith  the  original  Delany  s>'stem. 

Geared  on  to  the  shaft  of  the  sending  alleru.itor  is  a  ilis- 
tribuling  commutator  with  fifty-two  segments,  and  four 
groups  of  eleven  consecutive  segments  are  connei.'lctl  each  to 
a  set  of  eleven  levers  actuated  by  the  transmitting  kej-s. 
The  odd  segments  seire  other  purposes.  A  second  series  of 
four  equal  segments  are  connected  each  to  one  of  (he  fv>ur 
sets  of  keys,  and  these  acting  on  a  special  electro-magnet  on 
the  keyboards  admit  of  any  depressed  type  key  actuating 
the  corresponding  levers  at  the  right  pcri(»ds  only. 

WTien  no  type  kej-s  are  depressed,  the  alternator  sends  a 
continuous  series  of  undulations  to  line,  whilst  the  depres- 
sion of  a  key  by  actuating  two  out  of  the  eleven  levers  on 
the  keyboard  causes  two  half  waves,  always  with  a  complete 
undulation  between  them,  to  be  cut  off, and  this  suppression 
of  current  actuates  the  receiving  apparatus. 

The  receiving  relay  has  two  tongues :  one,  already 
referred  to  above,  serving  to  establish  and  maintain  syn- 
chronism ;  the  other  actuating  either  the  printing  relays 
those  for  shifting  the  paper.  Each  of  the  four  typereceivt 
has  eleven  electro-magnets  in  the  local  circuit  of  the  seeoi 
tongue  of  the  line  relay,  each  electro-magnet  being  co 
nected  to  a  segment  of  the  receiving  commutator  whi' 
corresponds  with,  and  revolves  in  synchronism  with,  t 
main  commutator  on  the  transmitting  dynamo.  Wh 
no  signals  are  being  sent,  the  currents  from  the  line  rel 
pass  through  the  local  relays  in  such  a  direction  us  to  ke 
the  tongues  against  the  spacing  side,  but  the  omission  of  t\ 
half-waves  causes  the  tongues  of  the  two  correspondii 
relays  to  drop  over  to  the  marking  side,  and  this  acts  on  t 
electro-magnets  which  print  the  corresponding  letters, 
which  shift  the  paper,  as  the  case  may  be. 

A  revolving  cylinder,  with  a  transverse  mark  on  t 
transmitting  keyboards,  keeps  the  typewriter  at  the  far  ei 
informed  of  the  position  of  the  receiving  roll,  and  advis 
her  when  to  advance  it  vertically  and  shift  it  horizontally 
as  to  commence  a  fresh  hne. 

It  is  stated  that  each  operator  can  send  at  the  rate 
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thirty  words  a  minute,  so  that  with  duplex  arrangements  a 
speed  of  240  words  should  be  obtained,  with  the  advantage 
that  the  messages  are  detached  from  the  receiving  instru- 
ments in  a  condition  to  be  sent  out  for  delivery,  without 
the  necessity  for  transcription  that  the  existing  method  of 
multiple  Morse  working  of  course  involves. 

Mercadicrs. — Monsieur  Ernest  Mercadier,  of  Paris, 
exhibits  his  multiple  telegraph  system,  in  which  it  is  said 
that  twenty-four  messages  can  be  simultaneously  trans- 
mitted over  one  circuit,  twelve  in  each  direction.  It  is 
based  on  the  harmonic  system  of  telegraphy,  one  form  of 
which  was  devised  by  Elisha  Gray  many  years  ago.  Mer- 
cladier's  method,  however,  is  not  a  copy  of  Gray's,  as  by 
the  use  of  telephone  receivers  and  transmitters  combined  in 
various  ways  he  has  designed  an  absolutely  independent 
method.  Harmonic  telegraphy  depends  on  the  fact  that  if 
a  number  of  vibrating  reeds,  each  differing  by  a  certain 
defined  period,  say  of  a  musical  note,  be  so  connected  that 
each  in  the  course  of  its  vibrations  causes  a  series  of 
currents  to  be  sent  into  a  line  wire,  the  resulting  current  so 
formed  consists  of  a  series  of  irregular  but  well-defined 
curves,  which  are  due  to  the  combination  of  the  whole 
series  of  vibrations  emitted  by  the  different  reeds,  just  as  in 
a  musical  note  the  sound  curve  is  not  a  simple  one,  but  is 
that  due  to  the  fundamental  note  on  which  are  super- 
imposed the  overtones.  At  first  sight  it  would  appear  as 
though  it  would  be  impossible  to  dissect  the  combined 
cunent  curves,  due  to  the  superimposed  currents,  into  their 
initial  undulations.  In  practice,  however,  if  each  of  the 
receiving  reeds  or  telephones,  joined  up  at  the  receiving 
end,  be  tuned  to  exactly  the  same  pitch  as  its  corresponding 
transmitting  reed  at  the  far  end,  the  receiving  reed  will 
respond  to  the  current  of  the  corresponding  transmitting 
reed  and  to  no  other,  and  even  though  the  whole  of  the 
transmitting  reeds  are  worked  simultaneously,  each  being 
used  for  sending  separate  Morse  characters,  the  respective 
receiving  reeds  select  the  Morse  characters  of  the  right  note 
and  disregard  all  others. 

As    transmitters,     Mercadier    uses    electrical    vibrating 

reeds  of  a  well-known  character,  and  as  receivers  he  uses 

a  combination  of  a  telephone  and  a  microphone,  the  latter 

>ut  a  powerful  series  of  undulations  into  the  local 
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circuit,  these  undulations  being  selected  by  suitabh^  designed 
telephones,  \«rhich  only  respond  to  the  vitiations  to  which 
thev  are  toned. 

The  method,  therefore,  is  a  Morse  method  pure  and 
simple,  in  which,  so  far  as  the  operating  is  concerned,  the 
telegrajAist  uses  a  Morse  key  for  signalling,  and  the 
receiving  tel^raphist  uses  telephones  as  sounders,  I  learnt, 
whilst  in  Paris,  that  the  apparatus  had,  in  the  course  of 
certain  trials,  worked  satisfactorily  between  Paris  and 
Bordeaux,  but  it  requires  a  metalUc  loop  for  thoroughly 
satisfactory  working. 

Virdg  and  PolUiL — Messrs.  Virag  and  Pollak  exhibit 
their  photo-autographic  telegraph  apparatus,  in  reference 
to  which  so  much  has  appeared  in  the  public  press. 

The  original  system,  as  exhibited  in  the  Hungarian 
section  of  the  Exhibition,  consists  of  a  telephonic  receiver, 
to  the  centre  of  the  diaphragm  of  which  is  attached 
an  arm  which  conveys  the  vibrations  of  the  diaphragm 
to  a  small  mirror.  A  spot  of  light  falling  on  the  mirror 
is  reflected  on  to  a  photographic  band,  and  when  the 
instrument  is  started  any  movement  of  the  minor  is 
photographed  on  the  band.  Morse  signals  are  transmitted 
by  an  automatic  method,  and  the  record  is  impressed  on 
the  photographic  band  in  a  series  of  curves  representing 
the  Morse  alphabet.  It  is  claimed  that  an  abnormally  high 
speed  can  be  attained,  but  the  system  had  this  disadvantage, 
in  common  with  ordinary  Morse  methods,  that  the  whole 
.of  the  transmitted  matter  has  to  be  deciphered  and  written 
out  by  the  receiving  telegraphists. 

During  the  meeting  of  the  Electrical  Congress  held  in 
the  month  of  August,  however,  a  paper  was  read,  describ- 
ing a  most  ingenious  modification  of  this  system,  by  means 
of  which  the  telegram  is  received  not  merely  in  arbitrary 
Morse  signals,  but  in  ordinary  written  characters. 

In  the  modified  system  a  metallic  loop  is  employed,  but 
it  is  joined  up  so  as  to  form  two  circuits,  Fig.  5,  one  being 
the  ordinary  metallic  circuit,  and  the  second  a  bridged  and 
superimposed  earth  circuit  of  the  type  well  known  in  tele- 
phony. To  each  of  these  separate  electrical  circuits  is  con- 
nected a  telephone  with  a  mounted  mirror,  which  is 
vibrated  by  the  movement  of  the  diaphragm.  These 
mirrors  are  so  placed  in  relation  to  one  another  that  a 
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spot  of  light  is  reflected  first  on  one,  then  on  the  other,  and 
lastly  on  the  photographic  record.  The  function  of  one  of 
the  mirrors  is  to  receive  impulses  representing  the  vertical 
component  of  ordinary  written  Latin  characters,  whilst  the 
second  mirror  receives  the  horizontal  components.  The 
transmitting  is  arranged  by  means  of  a  punched  slip  with 
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five  series  of  perforations ;  the  first  three  transmitting 
currents  to  the  vertical  component  mirror,  and  the  second 
two  to  the  horizontal  one.  The  line  of  perforations  marked 
I,  Fig.  I,  transmits  a  negative  current  of  a  defined  voltage  ; 
row  2,  a  positive  current  of  the  same  voltage  ;  and  row  3,  a 
positive  current  of  double  the  voltage.  Rows  4  and  5 
transmit  through  the  horizontal  component  telephone 
reversals. 
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Two  sizes  of  holes  may  be  perforated  along  either  of  the 
rows,  thus  admitting  of  long  or  short  contacts,  and  by 
means  of  a  specially  designed  combination  of  perforations 
the  vertical  and  horizontal  components  are  so  co-ordinated 
as  to  admit  of  the  reproduction  of  written  characters  at  the 
receiving  end.  In  the  diagram.  Fig.  i  illustrates  the  per- 
forations necessary  for  the  transmission  of  the  word  "  Tele- 
graph "  ;  Fig.  2  shows  the  vertical  components  ;  Fig.  3  the 
horizontal ;  and  Fig.  4  the  resultant. 


Telephones. 

The  advance  in  telephonic  practice  has,  on  the  whole, 
been  greater  than  in  the  branch  of  telegraphs  devoted  to 
the  transmission  of  public  messages.  The  invention  and 
perfection  of  the  manufacture  of  dry-core  paper  insulated 
cables  has  resulted  in  the  more  important  of  the  telephonic 
administrations,  both  in  the  Old  and  New  Worlds,  under- 
taking the  substitution  of  metallic  in  the  place  of  earth  circuits 
for  telephonic  intercommunication.  With  the  means  at  their 
conimand  at  an  earlier  period  telephone  engineers  were 
practically  restricted  to  overhead  work  at  their  large  ex- 
changes, and  although  they  realised  the  disadvantage  of 
earth  circuits,  few  of  them  could  face  with  equanimity  the 
doubling  of  the  huge  number  of  overhead  wires  necessary 
for  metallic  loops.  Now  a  dry-core  cable  which  will  serve 
two  hundred  subscribers  may  be  drawn  into  a  3-in.  pipe, 
and  in  the  course  of  a  few  short  years  an  earth  circuit  tele- 
phone will  be  a  thing  of  the  past.  Not  only  has  this  resulted 
in  a  silent  and  undisturbed  subscriber's  circuit,  but  it  has 
admitted  of  the  introduction  of  improved  telephones  and 
improved  switching  arrangements.  With  an  earth  circuit  a 
low-power  microphone  had  necessarily  to  be  used  in  order 
to  diminish  the  disturbance  on  neighbouring  wires,  for 
obviously  the  greater  the  current  emitted,  the  greater  the 
mutual  induction ;  but  with  metallic  loops  improved  tele- 
phones of  the  granular  type  have  been  generally  introduced. 
The  placing  of  the  wires  underground  has  likewise  admitted 
of  increasing  the  number  of  subscribers  connected  to  each 
central  switch,  and  this  has  led  to  improved  methods  of 
automatic  signalling. 

VOL.  XXX.  6 
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There  is,  perhaps,  one  point  in  modern  telephone  work 
which  may  here  be  referre'd  to  with  advantage,  and  that  is 


»r> 


the  general  tendency  in  the  direction  of  the  introduction  of 
matic  signalling  in  modern  exchanges.    When  first  the 
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Post  OflSce  opened  its  local  exchanges  in  the  pro\nnccs  Sir 
William  Preece  insisted  on  the  need  for  this  method  in 
order  not  only  to  simplify  the  work  of  the  subscriber,  but  to 
ensm-e  the  sending  of  a  ring-oflF  signal  to  indicate  the  close 
of  a  conversation. 

At  that  date  automatic  signalling  could  only  be  effected 
by  the  use  of  primarj^  batteries  at  the  subscriber's  office,  and 
objection  was  taken  to  the  method  on  account  of  the 
alleged  expense  of  these  batteries.  Given,  however,  the 
necessity  for  maintaining  a  couple  of  speaking  cells  at  each 
subscribers  instrument,  the  extra  cost  involved  by  the 
addition  of  two  or  three  more  cells  for  signalling  purposes 
was  not  so  great  as  was  imagined,  for  a  considerable 
portion  of  the  total  maintenance  cost  arose  from  the  loss  of 
the  men's  time  in  locomotion.  The  principle  has,  however, 
spread,  and  most  modern  installations  at  present  comprise 
some  method  of  automatic  calling  and  clearing  signals. 
The  diminution  in  the  work  thrown  on  the  operator  by  the 
use  of  a  well-designed  method  of  signalling,  which  reduces 
the  speaking  to  the  mere  words,  "Number,  please,'* 
"through,"  or  "busy,"  is  highly  advantageous  in  respect 
both  of  Economy  of  working  and  in  facility  of  manipulation. 

Central  Battery  Telephone  Switches. — A  central  battery 
automatic  signalling  exchange  switch,  exhibited  by  the 
VV^estern  Electric  Company,  illustrates  the  system  that  is 
being  rapidly  extended  throughout  the  whole  of  the  United 
States,  and  which  has  been  adopted  by  the  British  Post 
Office  in  London,  by  the  National  Telephone  Company  in 
some  of  its  centres,  and  by  the  Belgian  Administration  in 
Brussels.  The  system  has  been  described  recently  by 
myself  and  others,  and  space  forbids  a  complete  technical 
description  which  would  demand  a  separate  paper  for  due 
consideration.  For  the  purpose  of  discussion,  however,  it 
may  be  stated  generally  that  the  advantages  claimed  in  favour 
of  the  system  are  broadly  of  the  following  character  : — 

(i)  The  generation  of  current  in  an  economical  manner 
at  the  Central  Exchange  for  speaking  and  signalling  pur- 
poses. 

(2)  Uniformity  in  the  chtiracter  and  volume  of  articulate 
speech  owing  to  the  speaking  current  being  always  neces- 
sarily maintained  at  the  point  of  highest  efficiency. 

(3)  Economy  of  maintenance  owing  to  the  absence  of 
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primary  batteries,  and  the  reduction  of  the  parts  liable  to  get 
out  of  order  at  the  subscriber's  office  to  the  minimum. 

(4)  A  complete  system  of  automatic  signalling  which 
reduces  the  need  for  the  operator's  intervention  to  the  lowest 
degree. 

(5)  The  use  of  small  glow  lamp  signalling  indicators 
which  admits  of  each  indicator  being  placed  in  immediate 
proximity  to  the  jacks  or  cords  to  which  the  indications 
refer. 

(6)  The  possibility  of  using  coloured  lights  to  indicate 
special  rights,  such  as  toll  rates,  flat  rates,  deposit  accounts 
for  trunk  conversations,  &c. 

(7)  The  use  of  a  telephone  meter  for  registering  the 
number  of  conversations  initiated  by  toll-subscribers. 
This  method  is  not  necessarily  confined  to  central  energy 
switches. 

Postel-Vinay  Switches, — The  French  firm  of  Postel-Vinay 
exhibited  a  system  recently  introduced  at  the  newest  of  the 
Paris  exchanges  near  the  Avenue  Breteuil,  the  most  striking 
feature  of  which  is  a  remarkably  small  and  well-designed 
automatic  indicator  which  can  be  placed  immediately  over 
the  jack  for  working  the  junction  circuits.  A  set  of  these 
is  shown  on  the  table,  but  I  think  that  signalling  lamps  are 
on  the  whole  preferable  to  electro-magnetic  indicators. 

Siemens  and  Halske, — The  firm  of  Siemens  and  Halske 
likewise  exhibit  a  flat  board  of  considerable  capacity  with 
certain  details  of  signalling  which  are  of  interest.  Time 
does  not  admit  of  a  general  description,  but  there  is  one 
point  of  novelty  to  which  reference  should  be  made — that 
is  a  combined  local  subscriber's  jack  and  indicator.  The 
call  is  indicated  by  the  appearance  of  a  small  disc  at  the 
mouth  of  the  jack.  The  disc  is  attached  to  the  extremity  of 
the  armature  of  a  Hughes  electro-magnet.  It  is  held  in 
position  by  the  ma^^netism  of  the  core,  is  released  by  the 
reversing  action  of  the  current  indicating  the  call,  and  is 
restored  to  its  normal  position  by  the  mechanical  insertion 
of  the  answering  peg.  It  is,  of  course,  again  held  in 
position  by  the  permanent  magnetism  of  the  retaining 
electro-rnagnet. 

Again,  an  ingenious  method  of  automatic    ring-off    is 

provided  by  means  of  a  local  battery  joined  through  the 

^r  at  the  exchange,  the  effect  of  which  is  neutralised 
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by  an  opposing  [)olarisation  cell  at  the  subscriber  s  office, 
which  is  in  circuit  when  the  speaker's  telephone  is  off  the 
hook.  At  the  close  of  the  conversation,  however,  and  on 
the  restoration  of  the  telephone,  this  second  cell  is  out  of 
circuit,  the  local  battery  in  the  exchange  actuates  the 
indicator,  and  the  connection  is  severed  by  the  operator. 
It  may  be  observed  that  Messrs.  Siemens  &  Halske  in 
their  descriptive  pamphlet  specify  the  following  conditions 
for  satisfactory  exchange  working  : — 

1.  The  Exchange  should  possess  the  greatest  possible 
facilities  for  accommodating  new  subscribers,  hence  : 

(a)  The  jacks  must  be  as  small  as  possible,  yet  not  so 
small  as  to  impair  their  insulation  and  durability, 

(h)  All  other  parts  must  also  be  very  small  and  com- 
pactly built  (the  indicators  are  placed  out  of  reach 
and  are  self-restoring). 

2.  To  economise  expenditure  for  working,  fitting,  and 
space,  the  manipulation  required  must  be  reduced  to  a 
minimum,  so  that  one  operator  may  Jattend  to  as  many 
subscribers  as  possible.    To  achieve  this, 

(a)  The  indicators  must  be  self-restoring,  and  (he 
operator's  speaking  apparatus  must  be  placed  in 
circuit  automatically. 

(6)  The  clearing  signal  must  be  perfectly  certain  in  its 
action,  and  must  not  depend  on  the  subscriber. 

Party 'line  Telephones. — Several  forms  of  party-line  tele- 
phone circuits  have  been  designed  and  exhibited,  ue.^ 
arrangements  designed  to  serve  several  offices  on  one 
circuit.  These  are  used  largely  on  light  railways  to  provide 
communication  between  the  headquarters  and  the  various 
stations  on  a  circuit,  ^ch  being  called  by  a  step-by-step 
arrangement  at  will,  without  disturbing  the  others.  The 
step-by-step  switches  which  are  placed  at  each  office  are 
actuated  by  battery  currents  of  one  polarity,  and  when  these 
switches  are  in  the  position  indicating  the  number  of  the 
office  required,  a  reverse  current  is  used  for  ringing  up  the 
"Wanted"  subscriber.  A  needle  on  each  of  the  dials 
indicates  the  number  of  the  office  that  has  been  called,  and 
by  so  doing  it  further  announces  the  fact  that  the  line  is 
engaged^ 
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There  were  likewise  one  or  two  automatic  telephone 
switches  which  provide  for  subscribers  to  a  small  tele- 
phone system  obtaining  connection  with  other  subscribers 
without  the  intervention  of  a  switching  operator.  So  far 
these  systems  have  a  limited  use  where  a  service  designed 
to  provide  for  special  conditions  is  required. 

A  neat  little  switch-board  for  private  use  was  shown  by  the 
"  Soci6t6  par  Actions  du  Bureau  Electrique/'  in  which  con- 
nection between  any  two  lines  is  effected  by  pressing  a 
button  which  makes  the  necessary  line  contacts  and  remains 
depressed  until  on  the  receipt  of  the  ring-off  signal  it  is 
released  by  giving  it  a  quarter  revolution  on  its  axis.  It 
then  springs  back  automatically  into  the  position  of  rest  and 
restores  everything  to  the  normal  condition.  The  use  of 
pegs  and  cords  is  thereby  dispensed  with. 

Carbons  for  Microphones. — The  manufacture  of  carbon 
granules  for  microphones  has  received  considerable  atten- 
tion. These  appear  in  two  forms — one  the  irregular  granule 
that  so  far  has  been  most  generally  used  in  this  country,  the 
other  consisting  of  small  spheres  varying  in  size  from 
ordinary  dust-shot  to  the  ^th  of  an  inch  in  diameter. 
There  appears  to  be  little  to  choose  between  the  two  forms 
of  granules  for  microphone  purposes. 

I  observed  great  diversity  in  the  details  of  construction 
of  telephones  and  microphones  e?(hibited  by  French  firms. 
The  State  Administration  compels  subscribers  to  provide 
their  own  telephones,  and  these  may  be  purchased  at  will 
from  any  one  of  a  number  of  manufacturers  who  comply 
with  the  specification  of  the  Administration.  The  result  is 
that  a  very  large  number  of  local  manufacturers  have 
sprung  up  throughout  the  country,  each  exhibiting  a  special 
telef)hone  which  differs  in  some  local  details  from  all 
others.  The  result,  from  an  exchange  point  of  view,  is 
not  good.  The  speech  from  different  subscribers  varies 
materially  according  to  the  type  of  instrument  used,  and 
none  of  these  local  inventions  are  better  than  the  ordinary 
type  of  telephone  in  use  in  this  country. 

As  illustrating  various  modern  methods  of  laying  under- 
ground conduits  for  telephone  and  power  circuits,  the 
cement  duct  system  designed  by  Mr.  Hultman,  of  Stock- 
holm, was  exhibited  in  the  Swedish  section,  and  the  Belgian 
Administration  showed  in  their  State  Pavilion  a  section  of 
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the  single-duct  built-up  system  which  they  have  laid  in 
Brussels.  Both  these  methods  are  in  use  in  this  country, 
the  Hultman  system  having  been  very  largely  used  by  the 
National  Telephone  Company,  whilst  the  single-duct  built- 
up  method  has  been  adopted  by  the  Post  Office  for  its 
London  telephone  system.  The  Hultman  system  is  per- 
haps the  cheaper  of  the  two,  whilst  on  the  other  hand  the 
built-up  system  is,  I  consider,  the  stronger  and  more  re- 
liable. A  few  blue-prints  illustrating  the  method  of  con- 
struction used  in  London  are  on  the  table,  and  can  be 
examined  at  the  close  of  the  paper. 

Wireless  Telegraphy. 

There  are  four  exhibits  of  wireless  telegraphy  in  the 
exhibition. 

Post  Office  System. — An  illustration  by  rneans  of  coils  of 
the  Post  Office  Electro-magnetic  method  originated  by  Sir 
William  Preece  appears  in  the  Post  Office  exhibit. 

Ducreict  and  Popoff. — Monsieur  Ducretet  exhibits  his 
Hertzian  system,  which  it  is  understood  he  designed  in  con- 
junction with  Monsieur  Popoff,  the  Russian  inventor,  and 
which  has  been  adopted  in  the  French  Navy  and,  it  is 
believed,  in  the  Dutch.  There  was  nothing  to  specially 
distinguish  it  from  the  Marconi  s)rstem  in  this  country. 

Slaby  and  D'Arco, — The  Algemeine  Elektricitats  Gesell- 
schaft  exhibits  a  system  designed  by  Slaby  and  D'Arco  in 
Berlin,  and  this  deserves  a  little  consideration,  as  the 
inventors  have  replaced  the  usual  vertical  insulated  wire,  so 
well  known  in  connection  with  wireless  systems  in  this 
country  by  a  vertical  cage,  the  upper  end  of  which  is  con- 
nected to  earth.  This  is  illustrated  in  Fig.  6.  At  first  sight 
it  would  appear  as  if  the  effect  of  the  cage  would  to  some 
extent  be  neutralised  by  the  waves  emanating  from  the 
return  wire  to  earth,  but  probably  the  self-induction  of  the 
earth  wire  practically  confines  the  oscillations  to  the  cage. 
This,  however,  is  an  interesting  subject  for  speculation  and 
investigation. 

The  American  Wireless  Telegraph  Company  exhibits  a 
system  in  which  a  pneumatic  arrangement  has  been  designed 
for  decohering,  the  object  being  to  reduce  the  number  of 
relays  and  magnets  in  the  combination,  with  a  consequent 
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diminution  of  the  local  Hertzian  weaves  which  tend  to  inter- 
fere with  accurate  reception. 

Poulsen  Microphonograph. — Perhaps  the  invention  of  the 
greatest  scientific  interest  is  the  Poulsen  Microphonograph, 
by  which  a  telephone  conversation  can  be  permanently 
recorded  on  a  steel  wire,  and  reproduced  at  any  time. 

In  this  apparatus  a  steel  wire,  or  a  steel  band,  is  moved 
by  any  suitable  means  with  considerable  velocity  between 
the  poles  of  a  small  electro-magnet.  On  speaking  into  a 
telephone  transmitter  joined  on  the  circuit,  the  undulatory 
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currents  set  up  in  the  transmitter  react  upon  the  electro- 
magnet and  cause  a  continuous  variation  in  the  direction 
and  in  the  degree  of  magnetism  at  the  poles  of  the  electro- 
magnet. These  variations  are  permanently  recorded  on  the 
steel  wire  as  it  rushes  by,  and  when  the  message  is  complete 
the  steel  wire  retains  a  definite  record  of  what  has  taken 
place  in  the  shape  of  a  continuous  series  of  transverse 
magnetised  lines  varying  throughout  in  their  polarity  and  in 
their  strength.  On  connecting  a  telephone  receiver  to  the 
electro-magnet,  and  again  starting  the  wire  on  its  course, 
this  magnetised  wire  generates  electric  currents  in  the  coils 
of  the  superimposed  magnet  as  it  passes  between  its  poles, 
and  these  electric  currents,  which  are  the  exact  counterpart 
pf  those  generated  by  the  original  voice,  cause  the  telephone 
to  repeat  what  was  said  in  an  almost  absolutely  perfect 
manner.     In  one  variation  of  the  instrument  an  endless 
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steel  band  was  caused  to  revolve  at  a  high  speed  around 
two  wheels  which  stretched  it  out  to  its  full  extent.  On 
one  portion  of  the  band  was  placed  a  magnet  connected 
with  a  microphone ;  further  on  were  half  a  dozen  electro- 
magnets connected  with  as  many  telephones  ;  and  finally  an 
electro-magnet  through  which  circulated  a  permanent 
current.  As  the  band  rushed  by  in  the  course  of  its  revolu- 
tions it  picked  up  the  magnetism  from  the  speaking  micro- 
phone circuit,  next  it  reacted  on  the  electro^magnets 
connected  to  the  telephones  and  caused  them  to  speak,  and, 
finally,  on  passing  under  the  electro-magnet  through  which 
a  steady  current  was  flowing,  the  whole  of  the  impressed 
magnetism  ^^-as  neutralised  and  the  band  wiped  clean,  so  to 
speak,  and  rendered  ready  to  receive  a  fresh  impression. 

At  present  this  invention  is  in  the  early  stage  of  scientific 
discovery.  It  may  be  used  by  a  telephone  subscriber  to  re- 
cord an  important  communication,  and  it  promises  to  afford 
means  of  obtaining  a  telephone  repeater,  a  problem  which 
has  been  before  the  electrical  world  for  the  last  twelve  years, 
and  which  so  far  has  not  been  solved  in  a  satisfactory 
manner.  A  telephone  repeater  would  increase  the  range  of 
telephonic  speech  and  decrease  the  cost  of  long  lines.  The 
President  of  one  of  the  American  telephone  companies  some 
time  ago  offered  publicly  a  reward  of  1,000,000  dollars  for  a 
thoroughly  satisfactory  telephone  repeater,  but  the  money 
has  not  yet  been  earned. 

Telephone  Hirmondo. — Amongst  the  miscellaneous  ex- 
hibits is  one  by  the  "Telephone  Hirmondo"  which  provides 
news  and  musical  transmission  alone,  but  without  telephone 
intercommunication,  in  the  city  of  Buda  Pesth.  Techni- 
cally there  is  very  little  information  to  be  derived  from  the 
exhibit,  which  is  rather  statistical  than  technical,  but  I  was 
rather  surprised  to  learn  that  the  number  of  subscribers  to 
the  system  had  increased  from  3,750  on  the  ist  of  January, 
1895,  to  7,560  on  the  ist  of  January,  1900,  all  the  wires  being 
overhead.  In  practice  items  of  news  are  spoken  into  the 
main  transmitting  telephones  at  the  central  station  every 
quarter  of  an  hour,  and  such  items  are  repeated  until  a 
fresh  batch  is  started.  So  far  it  is  an  electrical  substitute 
for  an  evening  paper  combined  with  a  theatrophone  in- 
stallation. 

I  came  across  a  novelty  in  telephone  administration.    In 
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the  capital  of  Mexico  they  have  absolutely  free  trade  in 
telephone  exchanges,  which  may  be  erected  by  any  body  or 
company  with  the  sole  proviso  that  there  must  be  inter- 
communication between  the  systems.  There  are  eight 
separate  companies  at  work,  with  an  aggregate  of  4,000 
subscribers,  the  average  rate  of  payment  being  12 J  francs 
per  subscriber  per  month. 

At  the  meeting  of  the  Electrical  Congress  various  papers 
were  read  which  have  been  or  will  be  published.  A  com- 
mittee was  likewise  formed  to  consider  the  question  of  units, 
and  some  radical  proposals  were  brought  forward,  which 
would  have  involved  an  entire  change  in  the  existing  methods 
of  electrical  measurement.  The  whole  subject  was  very 
keenly  debated,  and  anything  in  the  nature  of  a  radical 
alteration  was  outvoted.  The  committee  restricted  itself  to 
giving  definite  names  to  two  of  the  existing  units,  which  up 
to  the  present  had  been  known  as  the  *'  C.G.S.  unit  of 
magnetic  field,"  and  the  ''C.G.S.  unit  of  magnetic  flux." 
These  propositions  were  then  submitted  to  a  meeting  of  the 
Official  Delegates,  and  were  practically  carried  unanimously. 
A  further  proposition  was  submitted  to  the  delegates  to  the 
effect  that  electrical  energy  was  property,  and  that  its  theft 
should  be  punishable  by  law.  This  was  also  carried.  In 
Great  Britain  existing  Acts  of  Parliament  define  electrical 
energy  and  provide  against  its  theft,  but  in  certain  countries 
it  has  been  argued  that  electricity  cannot  be  weighed,  and 
that  no  punishment  can  be  inflicted  for  stealing  it,  hence  the 
above  resolution. 

In  the  foregoing  curtailed  review  it  is  of  course  impossible 
even  to  refer  to  many  of  the  excellent  exhibits  of  working 
apparatus,  line  stores,  cables,  both  submarine  and  sub- 
terranean, and  other  modern  and  up-to-date  telegraphic  and 
telephonic  materials  and  appliances  that  were  to  be  seen  at 
the  Exhibition.  If  I  have  had  occasion  to  omit  even  a 
casual  reference  to  many  beautiful  and  elaborate  exhibits, 
this  is  not  due  to  want  of  appreciation,  but  to  the  fact  that 
to  do  justice  to  all  would  involve  a  complete  treatise  on 
telegraphs  and  telephones.  It  is  hoped  that  the  few  remarks 
I  have  made  on  the  most  striking  developments  will  be 
of  sufficient  interest  to  have  justified  the  presentation  of 
this  paper. 


1900.] 
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ADDENDUM. 

The  author  in  the  course  of  his  paper  sketched  on  the 
blackboard  the  figure  given  on  p.  91,  and  added  the  follow- 
ing explanation  with  regard  to  the  possibility  of  applying 
the  Poulsen  microphone  to  the  development  of  a  telephonic 
repeater : — 

As  illustrating  a  method  which  it  is  thought  might  be 
developed  into  a  satisfactory  telephone  repeater,  the  follow- 
ing was  suggested  as  a  groundwork  to  be  built  upon. 
Assuming,  as  illustrated  in  the  figure,  that  there  are  six  or 
more  endless  steel  bands,  A,  B,  C,  D,  &c.,  revolving  at  an 
absolutely  uniform  rate  around  suitable  pulley  wheels,  and 
that,  approaching  closely  to  the  band  A  are  the  poles  of  an 
electromagnet  i  connected  to  a  telephone  T ;  that  a  little 
further  on  an  electromagnet  2  is  mounted  in  a  similar 
manner,  but  connected  to  a  corresponding  magnet  on 
band  B,  and  beyond  this  an  electromagnet  3  establishes  a 
relation  between  bands  A  and  C,  and  so  on,  next  that 
bands  B,  C,  D,  E,  F  are  fitted  with  a  number  of  electro- 
magnets, 8,  joined  up  in  series  and  connected  to  the  line 
over  which  it  is  desired  to  transmit,  and  finally  a  series  of 
electromagnets  through  which  a  permanent  current  circu- 
lates are  fixed  at  point  9. 

Then,  on  starting  the  apparatus,  and  speaking  into  the 
telephone  T,  band  A  is  energised  by  the  series  of  transverse 
magnetic  polarities  due  to  the  variable  currents  in  the 
electromagnet.  As  the  band  in  its  revolution  passes  under 
magnet  2  it  generates  currents  which  are  transmitted  to  its 
corresponding  electromagnet  on  band  B,  there  to  repeat 
the  magnetic  effect.  The  same  action  takes  place  between 
electromagnet  3  and  band  C,  and  so  on  until  the  whole  of 
the  independent  bands  are  each  impressed  with  the  same 
magnetic  alphabet.  On  completing  half  of  the  revolution 
the  bands  B,  C,  D,  E,  F  pass  under  and  energise  the  series 
of  electromagnets  which  are  joined  up  in  such  a  manner  as 
to  combine  the  electromotive  forces  due  to  each  separate 
band,  and  lastly  the  series  of  electromagnets  9  wipes  out  the 
whole  record,  and  leaves  the  bands  free  to  be  acted  on  by 
he  ^ns. 


laoi."  DiscrssioK,  «» 

Sir  WiLUAH  Preece  :  It  does  my  heart  good  to  sec  siKh  t  SL^^"** 
CTOwd«]  assembh"  to  listen  to  an  addre^is  which  has  tdeijraphy  princi- 
paHj  for  its  text.  And  k>okxng  round  this  room,  I  cannot  help  jjoing 
hack  to  the  carhr  sta^^  ci  the  histoiy  of  this  Institution,  when  sensation 
after  sensatioa  was  brought  before  us,  and  the  room  itself  x\*as  tilled  to 
orerflowing.  and  applause  as  rin^^ng  and  as  cheerful  as  that  which  yt>« 
gave  Mr.  Gavey  at  the  cessation  of  his  paper  was  the  order  of  the  day, 
I  wonder  if  young  members  of  this  Institution  ever  take  the  trouble  to 
read  the  eariy  volumes  of  the  Proceedings,  They  uill  find  there  a  gixxl 
deal  that  is  interesting ;  they  will  find  there  a  good  deal  to  learn,  and  a 
great  many  facts  wiiich  would  save  them  from  many  troubles.  It  is  not 
the  6rst  time  that  we  have  heard  a  paper  in  this  room  describing  the 
exhilMts  as  shown  at  different  Exhibitions,  I  hax-e  had  the  gratification 
myself  on  more  than  one  occasion  of  bringing  before  the  Institution 
things  shown  in  Paris,  in  Chicago,  in  Philadelphia,  in  Munich,  and  in 
\lenna,  and  I  hope  and  trust  that  the  practice  originated  in  the  very 
early  days  of  the  Institution  wiQ  be  continued,  and  that  we  shall  take 
every  possible  opportunity  to  find  out  what  progress  is  being  made  in 
other  countries,  and  to  show  that  we  are  not  behind.  If  we  do  not  kx>k 
out,  however,  we  shall  get  behind. 

It  is  a  remarkable  fact  that,  in  nearly  all  branches  of  progress  the 
groivth  of  business  varies  almost  exactly  with  the  growth  of  the  capacity 
for  carrying  that  business.  Mr.  Gavey  has  brought  before  us  several 
novelties  shown  in  Paris — Rowland's  Multiplex,  Mercadier's  Multiplex, 
Virag  and  PoUak's  s>'stem,  and  other  improvements  ;  but  this  axiom,  or 
maxim  if  you  like  to  call  it  so,  that  the  growth  of  business  varies  with 
the  capacity  for  conducting  that  business,  is  not  confined  to  telegraphy  : 
it  is  true  of  telephony,  it  is  true  of  electric  traction  and  electric  f aiKva\^  : 
it  is  true  for  every  branch  of  the  applications  of  electrical  industries. 
We  never  have  had  it  more  strikingly  shown  than  in  the  fact  that  in 
England  and  in  America,  and  wherever  telegraphy  has  progressed, 
whUe  the  rate  of  increase  of  length  of  wire  grows  in  a  straight  line,  or 
in  arithmetical  ratio,  the  rate  at  which  the  business  increases  is  a  rapid 
ascendant  curve  ;  and  it  shows  that,  while  we  are  able  to  compete  with 
that  business  and  perform  the  work  as  fast  as  ever  it  was  done  before, 
and  sometimes  faster,  the  invention  of  the  electrical  engineer  is  exceed- 
ing the  rate  of  the  growth  of  the  erection  of  the  wires,  so  that,  at  the 
present  day,  a  circuit  will  carry  quite  ten  times  as  much  as  it  carried 
when  this  Institution  first  commenced  its  meetings  in  this  room.  That 
is  a  great  fact,  and  Mr.  Gavey  has  well  brought  it  before  us.  He  has 
told  us  a  great  deal  about  telephones.  Well,  that  is  a  large  subject. 
The  telephone  was  first  shown  in  this  country,  I  believe,  in  Plymouth, 
and  next  in  this  room,  and  a  crowded  meeting  assembled  here  to  see 
this  wonderful  instrument  for  the  first  time.  Twenty-three  years  have 
elapsed  since  that  period,  and  where  are  we  now  ?  Is  the  telephone 
industry  in  this  country  in  a  flourishing  or  in  a  proper  position  ?  We 
see  a  kind  of  triangular  duel  going  on.  We  have  on  the  one  hand  a 
company  striving  hard,  doing  its  best  to  maintain  a  very  difficult 
position  ;  we  have  municipalities  springing  up  trying  to  emulate  their 
wotild-be  competitor ;  and  we  have  in  the  background  a  small  depart- 
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^T^^  ment  called  the  Post  Ofl&ce  Department,  that  does  its  very  utmost  to 
meet  the  wants  of  the  public,  and  has  this  great  ad\*antage  over  every 
other  one  of  its  competitors,  that  its  back  is  broad  enough  to  bear  the 
greater  possible  abuse  which  can  be  brought  against  it.  I  envy  the 
position  of  Mexico.  There.  Mr.  Gavey  says,  evcr^^-body  may  start  his 
own  exchange,  and  be  placed  in  communication  where  he  likes  and 
with  whom  he  please^,  on  condition  that  they  are  to  have  free  inter- 
communication. But  how  are  they  to  have  free  inter-communication  ? 
for  e\*erv  inventor  has  his  own  switch,  his  own  transmitter,  and  his  own 
instrument  ?  The  difficulty  is  l>ad  enough  as  it  is,  with  three  com- 
petitors. Mr.  Gavey,  I  think,  5^d  there  were  six  in  Mexico,  and 
probably  that  will  grow  in  the  same  compound  ratio.  And  when 
those  who  have  been  to  Mexico  next  go  there,  perhaps  the  six  may 
become  sixt>'  times  six,  and  then  where  are  you  ?  If  there  is  a  business 
in  this  world  that  should  be  manipulated  and  managed  by  one  adminis- 
tration, and  by  one  concern,  that  should  be  conducted  exactly  on  one 
principle,  it  is  the  business  of  telephony.  I  did  hope  that  I  should  see 
a  day  when  ever>'  house  in  this  country'  should  have  its  telephone,  and 
that  there  would  be  a  practical  and  easy  mode  of  placing  every  house 
in  communication  with  every  other  house  in  the  whole  of  the  United 
Kingdom.  That  is  thrown  to  the  winds  with  a  great  many  other  wild 
illusions  and  wild  imaginations.  It  may  come  in  the  distant  future, 
but  I  am  afraid  that,  with  grey  hairs  coming  so  rapidly,  I  shall  never 
see  my  ideal  telephone  system  carried  out. 

Mr.  Gavey  told  us  something  about  the  exhibits  of  wireless  tele- 
graphy. We  are  getting  tired  of  wireless  telegraphy.  The  papers  are 
still  continuing  to  take  it  up  wildly,  and  to  advertise  strange  experi- 
ments in  different  places,  but  we  want  to  see  practical  wireless 
telegraphy — and  where  do  you  find  it  ?  Is  there  at  the  present  moment 
anywhere  a  single  circuit  worked  commercially  on  a  practical  system 
of  wireless  telegraphy  ?  If  there  is,  let  somebody  come  and  read  a 
paper  before  this  Institution.  The  only  place  is  the  Post  Office.  The 
most  beautiful  thing,  the  greatest  novelty  that  Mr.  Gavey  has  brought 
before  us,  is  this  Microphonograph  of  Mr.  Poulsen's.  Apparently 
there  is  very  great  difficulty  in  showing  it  in  operation.  I  could  not 
see  it  in  Paris  ;  I  tried  very  hard,  but  I  could  not  see  it  there  ;  it  had 
been  sent  to  Berlin.  But  it  is  coming,  and  it  is  a  very  marvellous 
thing.  It  is  not  only  in  itself,  as  the  description  has  shown  us,  beauti- 
fully designed,  based  on  beautiful  principles,  but  it  is  one  of  those 
things  that  is  going  to  open  the  eyes  of  all  our  physicists,  scientists, 
and  theoretical  men,  on  the  question  of  the  molecular  character  of 
magnetic  and  electric  operations.  There  is  nothing,  to  my  mind,  so 
marvellous  as  the  continual  exchange  through  electrical  actions  and 
magnetical  actions,  through  steel,  and  through  circuits  of  these  curious 
changes  of  position,  form,  motion  and  shape  that  we  sometimes  call 
electrical  and  sometimes  magnetical,  but  are  all  brought  out  in  this 
beautiful  instrument  of  Mr.  Poulsen's. 

Lastly,  Mr.  Gavey  referred  to  the  work  done  by  the  Congress.  He 
mentioned  the  fact  that  the  Congress  had  decided  upon  introducing  or 
recommending  the  adoption  of  two  units,  (i)  the  "C.G.S.  unit  of  Mag- 
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marks  from  Iucl. 

Mr.  W.  1.  HavvEfi :  I  hire  K>d  iho  r2eA>i«av.  ^;w  I  vimIxnI  ^ho  ^' 
EJectrkal  Confess  ai  ParK  oi  taldaj^j  a  trip  atooihI  lh<^  C^M««K«r 
and  I  have  seen  a  great  nviny  \>ery  inleT>es:in5;  thuvcx  N^ih  cKn^HkaI 
and  mechanical  But  I  am  <caroely  prefxuvd  to  >4ji)Hi  bctvN^v  >^u 
aodience  of  this  character  and  speak  wilhiHil  s^mw*  piv|\tKilHM^  kH' 
in  a  saperficial  way  of  many  of  the  thinsjs  which  I  h,%\\^  sccu.  i>iw^  \\| 
them  has  been  referred  to  here  to-night,  but  I  think  it  ha^  Nn^n  ^j^wcu 
a  wrong  title.  The  Tclephonograph,  I  beiievo,  i?^  the  Ci'mxxi  title  \M  iho 
instmrnent  I  have  recently  been  in  touch  with  son^o  of  tho  pi\>plo 
who  are  identi6ed  with  that  instrument,  and  they  have  cxprr^^ini  thru*- 
selves  strongly  as  desiring  to  have  that  name  usctl.  I  s»uv  in  Hoihn 
some  very  interesting  modifications  of  that  instrumout,  aiul  soiut  vci  v 
interesting  experiments,  but  I  hesitate  about  speaking  ou  then*  bccauso 
they  were  shown  to  me  under  rather  peculiar  circuntstancos  aiul  \\\ 
view  of  certain  patents  I  do  not  think  it  would  be  well  (o  rotor  {o  \\\v\\\ 
here:  but  I  can*  heartily  endorse  what  Sir  William  Prcooo  and  Mi, 
Gavey  have  said  about  the  remarkable  interest  which  this  insliiHUmt 
has  aroused  at  the  Paris  Exhibition,  and  of  its  beautiful  siuiplicity  untt 
perfection.  I  have  had  considerable  experience  in  connection  with 
phonographs,  and  working  with  them,  and  have  tried  niont  of  tho 
difiPerent  modifications  of  phonographs  that  have  been  made,  and  I 
certainly  never  have  heard  anything  in  the  way  of  a  npcakln^ 
machine  that  will  touch  the  telephonograph.  With  every  inslrnnieni 
in  which  the  sound-waves  are  recorded  by  something  in  the  way  of  a 
stylos,  there  is  bound  to  be  a  noise  which  cannot  be  eliminated,  but 
where  these  Unes  of  force  are  stored  up  in  the  wire  in  the  client 
manner  in  which  they  are,  the  most  perfect  reproduction  i'*  prrnhn  eti, 
In  Paris  and  also  in  Berlin  I  made  some  experiments  in  using  W(ttt\%, 
the  recording  and  reproduction  of  which  is  very  difHcult  in  a  phono 
graphs  also  in  breathing  and  whispering  and  that  kind  <>(  tUinn,  but 
an  of  Aese  are  perfectly  reproduced  by  the  telephonograph.    Ho  tfmi 
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I   feci  very  certain  in  my  own  mind  that  it  is  superior  to  anything 
that  has  ever  been  made  in  the  way  of  a  talking  machine. 

I  had  the  pleasure  of  seeing  a  little  of  the  Nernst  lamp  whilst  I  was 
in  Paris,  and  in  following  it  up  somewhat  on  the  Continent,  but  that  is 
a  subject  that  does  not  really  come  wilhin  the  province  of  the  discus- 
sion of  this  admirable  paper  that  Mr.  Gavey  has  brought  before  you  ; 
in  fact,  quite  a  number  of  the  subjects  that  I  have  looked  into  and 
studied  during  my  sojourn  in  Europe,  have  no  direct  bearing  on  the 
paper,  so  I  hesitate  to  mention  them.  But  there  is  one  thing  which 
Mr.  Gavey  brought  before  you  that  I  had  the  pleasure  of  seeing  in  Buda 
Pesth,  and  that  is  the  Virag  and  Pollak  system  of  telegraphy.  I  have 
some  samples  of  the  writing,  and  I  have  seen  the  apparatus  in  opera- 
tion. It  is  certainly  in  its  present  form  a  most  interesting  and  promising 
invention,  and  seems  to  work  in  a  most  satisfactory  manner. 

Mr.  M.  F.  Roberts  :  Mr.  Gavey  has  told  us  of  the  difficulty  he  has 
had  in  explaining  the  operation  of  one  of  the  instruments  owing  to  the 
request  that  was  made  to  him  not  to  reproduce  the  diagrams.  A 
similar  wish  on  the  part  of  many  of  the  exhibitors  was  one  of  the  great 
difficulties  I  met  with  in  studying  the  different  exhibits  in  the  class  of 
Telegraphs  and  Telephones  in  the  Paris  Exhibition.  I  found  that,  with 
one  or  two  notable  exceptions,  assistants  were  in  charge  of  the  exhibits 
who  either  had  not  the  necessary  knowledge  to  explain  them,  or  who 
were -definitely  instructed  not  to  do  so.  The  difficulty  was  added  to  by 
the  want  of  a  suitable  catalogue.  I  have  been  told  by  different  gentle- 
men who  sent  workmen  specially  over  to  the  Exhibition,  that  the  visits 
in  many  cases  were  of  little  use,  simply  because  the  representatives 
they  sent  could  not  obtain  the  information  they  wished  them  to  get. 
In  the  case  of  telephones  and  telegraphs,  I  think  we  may  say  generally 
that,  with  one  or  two  exceptions,  perhaps,  which  Mr.  Gavey  has 
pointedly  brought  before  us,  the  improvements  are  to  be  found  in 
points  of  detail.  I  should  have  been  particularly  interested  if  Mr. 
Gavey  had  extended  his  remarks  with  reference  to  the  progress  made 
between  different  Exhibitions  by  briefly  referring  to  what  had  been  the 
most  marked  improvements  since  the  Exhibition  of  1878.  To  my  mind 
it  appeared  that,  in  the  case  of  telegraphs,  the  improvements  very 
largely  consisted  of  higher  finish  in  the  apparatus  exhibited,  whereas 
in  telephony  the  improvements  appeared  to  be  chiefly  in  the  simpli- 
fication of  parts  and  the  design  of  parts  which  can  be  readily 
produced  at  cheap  rates.  Of  course  we  can  understand  the  de- 
velopment -in  the  case  of  telephony  taking  this  line,  because  there  is 
such  an  enormous  multiplication  and  reproduction  of  the  same  part, 
whereas  in  telegraphy  the  problem  that  has  to  be  dealt  with  varies  con- 
siderably in  almost  every  case.  Not  only,  too,  does  it  vary  in  the  case 
of  a  given  line  but  it  may  perhaps  vary  markedly  at  different  times  of  the 
day.  The  successful  design  of  parts  for  telephone-working  appears  to 
be  largely  due  to  the  specialising  of  certain  forms.  For  example,  in  the 
case  of  one  of  the  exhibitors  to  whom  Mr.  Gavey  has  referred,  I  found 
that  the  firm  had  one  gentleman  present  who  had  made  a  special  study 
of  switch-boards,  another  who  had  made  a  special  study  of  telephone 
instruments,  and  a  third  who  told  me  his  department  was  to  give  in- 
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formation  respecting  dynamos.  We  can  easily  understand,  when  a 
powerful  firm  has  representatives  and  employes  who  devote  their 
attention  almost  exclusively^  to  one  part,  that  we  get  these  improvemeiits 
which  Mr.  Gavey  called  attention  to  in  the  case  of  the  central  battery 
system  of  working,  and  it  is  this  specialising  in  America  which  has 
resulted  in  the  very  great  progress  which  was  noticeable  in  the 
American  exhibits  in  the  Paris  Exhibition.  Mr.  Gavey  has  also  called 
our  attention  to  the  Rowland's  telegraph  apparatus.  If  we  go  back  to 
former  Paris  Exhibitions,  in  every  case  I  think  we  have  had  type- 
writing instruments,  but  it  is  an  astonishing  fact  that  type-writing 
machines  have  made  such  little  headway  in  this  country.  Nothing 
is  more  to  be  desired  than  a  type-written  message,  but  yet  at  the 
present  time  such  a  message  is  practically  unknown  in  this  country.  I 
do  hope  that  the  very  successful  exhibit  of  the  Rowland's  Company  will 
have  the  effect  of  popularising  the  use  of  the  type-WTiting  telegraph  here. 

Mr.  A.  W.  Heaviside  Icommunicaied]  :  Whilst  thanking  Mr.  Gavey 
for  his  brief  review  in  popular  language  of  the  Exhibits,  Class  26,  of  the 
Paris  Exhibition  of  19O0,  one  is  tempted  to  ask  for  more,  the  motive 
being  that  subjects  so  deeply  interesting  as  electrical  application  in  any 
form,  need  much  detail  to  be  of  practical  utility. 

So  far  as  I  know,  though  much  experience  has  been  gained  in  the  use 
of  the  Delaney  multiplex  system,  the  valuable  electrical  data  relating 
thereto  has  not  been  published  to  the  world.  For  instance,  how  useful 
it  would  be,  if  the  profession  were  fully  acquainted  with  actual  time-lag 
under  practical  conditions  with  given  conductors,  both  copper  and  iron, 
with  an  impressed  force  of  a  given  value,  the  effect  of  leakage  at  the 
insulators,  the  practical  difficulties  experienced  in  a  variable  climate  like 
ours,  with  rapid  alterations  of  heat  and  humidity,  frost,  snow,  and  sleet 
and  rain  in  twenty-four  hours. 

Similarly,  in  Rowland's  multiplex,  one  is  tempted  to  ask,  does  abrupt 
omis<aon  of  two  half  waves  produce  any  deleterious  re-aclion  from  tlie 
electro-static  discharge.  The  operator's  control  of  the  position  of  the 
receiving  roll  by  means  of  a  transverse  mark  appears  to  be  weak.  This 
roll,  if  feasible,  should  be  automatically  controlled.  The  advantage  that 
the  messages  are  delivered  from  the  receiving  instrument  in  a  condition 
to  be  sent  out  for  delivery,  is  no  mean  one,  if  it  really  saves  a  corre- 
sponding number  of  receiving  operators. 

Mercadier's  system  of  super-jmposed  vibrations  at  the  sending  end, 
and  selective  apparatus  at  the  receiving  end,  is  most  suggestive.  If 
twenty -four  super- imposed  vibrations  can  be  sent  simultaneously,  and 
each  receiving  apparatus  can  l>e  tuned  to  respond  only  to  that  which 
belongs  to  it,  then  why  not  have  a  main  pair  of  conductors  of  consider- 
able cross-section  with  twenty-four  loops  of  variable  length  to  twenty-four 
different  stations  ? — what  a  saving  of  wire  and  unburdening  of  the  tele- 
graph lines,  which  groan  under  their  ever  increasing  load,  this  would  lead 
ta  Of  course,  metallic  loops  must  be  used,  and  this  speculation  revives 
a  19-ycar-old  suggestion  of  mine  for  working  the  Wheatstone  automatic 
and  is  probably  worth  trial,  as  anything  that  has  for  its  object  a  reduc- 
tion in  the  number  of  wires  and  stability  of  signalling  is  worthy  of 
much  thought. 

VOL,  3CXX.  7 


Mr. 
Roberts. 


Ur. 

Heaviside. 


98      GAVEY:  TELEGRAPHS  AND  TELEPHONES.  [Nov.  22nd, 

JJ""  The  tendency  of  the  age  is  to  work  all  electrical  currents  in  metallic 

loops,  which  surely  N^ill  become  increasingly  necessary  as  electric  light 
and  power  applications  are  developed.  Our  mother  earth  is  impartial, 
she  treats  all  her  children  alike,  her  ample  bosom  receives  them  all,  they 
lose  individuality,  which  is  the  very  essence  of  the  telephone  and  will 
become  a  necessity  with  most  other  apparatus — though  all  the  work  of 
transmission  and  signalling  is  done  in  the  environment,  after  all,  the 
guides,  in  our  present  state  of  knowledge,  in  spite  of  Marconi's  practical 
application  of  the  labours  of  Righi,  Branly,  Lodge,  and  others,  cannot 
be  dispensed  with.  Virag  and  Pollak's  photo-autographic  telegraph 
apparatus  is  marvellously  clever,  but  apparently  wanting  in  simplicity 
at  present.  That  it  may  become  commercially  applicable  every  one 
desires,  and  to  throw  cold  water  upon  it  would  be  as  bad  as  calling  the 
telephone  a  philosophical  toy  ! 

But,  may  I  venture  to  suggest  in  this,  and  in  all  other  systems 
described  by  Mr.  Gavey,  how  useful  it  would  be  at  least  to  append  to 
his  paper  a  theoretical  diagram  illustrating  the  principle  of  each  case. 
It  must  be  remembered  that  there  are  many  students  of  the  Institution, 
and  life  is  too  short  for  every  individual  member  to  look  up  all  the 
authorities.  It  is  a  case  of  "  Science  Abstracts "  over  again.  One  at 
least  wants  to  know  the  text,  and  one  can  draw  the  moral  in  solitary 
railway  journeys  and  other  fugitive  snatches  of  time  for  thought  that 
offer  in  these  busy  executive  days. 

Central  battery  telephone  switches  are  on  their  trial,  and  if  the  exten- 
sions from  the  simple  subscriber's  circuit  from  his  telephone  to  the 
central  exchange  can  be  adapted  to  the  many  diverse  needs  the  tele- 
phone has  to  meet,  it  will  probably  have  come  to  stay.  It  is  hoped  that 
the  new  decade  will  see  such  a  development  of  the  telephone  in  Great 
Britain  and  Ireland  as  shall  remove  the  reproach  that  we  now  suffer  from 
of  being  behindhand  as  compared  with  other  countries.  One  feature 
of  the  central  battery  system,  if  I  rightly  understand  it,  is  that  it  secures 
privacy  of  communication  between  the  users,  a  feature  that  has  distin- 
guished the  Newcastle-upon-Tyne  exchange  for  many  years  and  com- 
mends itself  to  all. 

Then  as  to  carbons  for  microphones,  much  is  still  wanting  in  micro- 
phones ;  how  to  get  loud  speaking  without  jarring,  has  been  a  problem 
since  the  days  of  Hughes,  and  it  still  remains  a  problem.  An  ideal 
microphone  should  respond  in  indentically  the  same  manner  from  day 
to  day  to  every  vibration  with  great  delicacy,  and  invariably  recover 
itself  without  lag  or  jar.  Take  a  curl  of  horsehair  as  used  in  domestic 
furniture.  In  general,  it  yields  and  recovers  from  any  impressed  force 
with  precision,  its  elasticity  being  so  great  and  its  fatigue  so  small ;  and 
if  carbon  filaments  could  only  be  manufactured  with  similar  qualities 
and  arranged  in  companionship  like  the  horsehair  composed  of  many 
filaments,  an  ideal  microphone  might  result.  I  have  experimented  with 
carbon  filaments  and  have  found  the  most  beautiful  speech  result,  but 
their  brittleness  brought  with  it  a  short  life.  Perhaps  makers  of  incan- 
descent lamp  carbons  could  solve  the  problem.  Would  that  we  knew 
of  all  the  failures  and  could  thus  avoid  much  trodden  ground  ! 

Of  rophonograph  one  can  only  admire  and  wonder, 

what 


wftx:  DISCCSSIOX,  dd 

Mr.  Dakx  Sinclair  :  I  do  not  kuow  that  there  is  much  to  be  saki  !?'  f**"* 
on  Mr.  Gavel's  CBcedk-nt  and  dear  papa-.  He  has  described  to  os 
what  be  saw  at  the  Exhihmon.  The  improveinents  in  trfc^aphy,  when 
snznmcd  up  to^^er,  are  in  thcmseJiTcs  as  beautiful  as  thcv  arc  mar- 
Teflcms.  The  improvements  in  other  directions,  and  e<f»ecially  in 
telephony,  .he  has  referred  to  graphically,  and,  I  think,  acciaratcly, 
1  am  DO*  sure  whether  he  may  not  be  too  enthusiastic  on  the  common 
battery  or  centnd  energy  system  ;  it  is  just  possible,  but  time  will  Nhow, 
WTien  Mr.  Gavey  spoke  of  the  latest  inx-ention  in  telephony  connected 
with  the  phonograph  he  called  it  the  microphonograph,  but  another 
gentleman  who  has  spoken  prefers  to  call  it  the  tolephono^:jra|>h,  I 
think  the  latter  is  perhaps  the  more  accurate  description,  but  in  justice 
to  Mr.  Garey  I  may  say  that  when  I  was  at  the  Exhibition  the  name 
which  he  has  given  to  it  was  the  name  by  uiiich  it  was  ^Mierally 
knoixm.  In  connection  with  this  1  am  glad  to  say  that  for  once  in  my 
life  I  have  been  ahead  of  my  good  friend,  Sir  William  Pivccc.  When 
1  was  at  the  Exhibition  1  had  this  thing  placed  before  mc  and  set  to 
work  under  all  the  conditions  that  I  could  possibly  wish  for.  To  nte  it 
seemed  marvellously  pretty  and  wonderful.  There  is  no  doubt,  as  Mr. 
Gavcy  and  another  speaker  have  already  said,  that  it  gives  us  a  distinct 
record  of  speech,  so  distinct  that  it  cannot  be  compared  with  any  record 
we  have  had  hitherto.  A  long  steel  wire  is  wound  helically  on  a  drum, 
Uie  revolution  of  the  drum  causing  the  wire  to  pass  in  front  of  and 
against  the  attenuated  poles  of  a  receiver  magnet.  By  this  means  the 
variations  of  magnetism  caused  by  the  currents  from  a  transnuttcr  in 
the  circuit  are  magnetically  recorded  on  the  steel  wire,  so  that  when 
the  latter  is  again  driven  past  the  receiver  poles  the  original  speech  is 
reproduced  in  an  ordinary  telephone  receiver  absolutely  pure  and 
without  any  of  the  grating  sounds  that  come  from  the  phonograph. 
if  this  invention  does  give,  a*s  Mr.  Gavey  hints  it  may,  a  telephonic 
relay,  then  it  passes  at  once  out  of  the  range  of  purely  scientific 
interest  into  that  of  commerci.il  value.  Under  Sir  William  Prcecc's 
directions  very  heavy  copper  wires  have  been  erected  from  one  end  of 
this  island  to  the  other.  If  we  can  have  a  telephonic  relay,  these  heavy 
copper  wires  of  8oo  lbs.  to  the  mile  become  no  longer  a  necessity. 
They  are  good  in  themselves,  but  if  science  can  teach  us  how  to  make 
a  telephonic  relay  possible,  large  copper  conductors  will  become  things 
of  the  past.  Of  course  the  advantage  to  users  will  be  that  as  the  price 
of  the  conductors  goes  down,  they  will  in  time  get  the  benefit  of  that 
reduction.  I  was  very  much  impressed  by  this  invention,  and  believe 
with  Mr.  Gavey  that  there  are  large  possibilities  in  its  future,  and  I  watt 
rather  disappointed  to  see  that  it  was  not  spoken  of  by  the  electrical 
press  in  London  in  a  way  that  I  think  it  deserved. 

Mr.  J.  E.  Kingsbury  :  With  regard  to  that  instrument,  which  does  Mr. 
not  seem  yet  to  have  been  effectively  christened,  I  confess  when  I  naw  '^*"*'* 
it  I  thoagbt  that  whilst  we  gave  credit  to  Professor  Bell  for  a  very  bold 
idea  in  expecting  to  put  on  to  an  electrical  wire  electrical  undulations 
representing  sound-waves,  1  thought  that  to  go  just  this  step  further 
and  magnetically  record  those  undulations  on  a  wire  was  an  idea  hardly 
le&  bokL    As  a  scientific  instrument,  as  Mr.  Gavey  says,  it  is  of  the 
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^y^'   .  greatest  interest.    Of  the  exhibits  at  Paris  we  arc  bound  to  give  it 

uo  the  first  place,  and  to  regard  it  as  a  grand  application  of  a  very  clever 
idea.  The  practical  uses  which  may  lie  in  store  for  the  instrument 
it  is,  of  course,  a  little  too  soon  for  us  to  remark  upon.  I  would  like 
to  say  one  word  in  reference  to  Mr.  Gavey's  observations  on  the  appli- 
cation which  the  Post  Office  have  made  of  automatic  signalling.  The 
Post  Office  introduced  in  the  first  instance  a  telephone  system  which 
enabled  a  signal  to  be  sent  automatically,  requiring  no  exertion  on  the 
part  of  the  subscriber,  sending  a  signal  by  the  natural  operation  of 
taking  the  telephone  off  the  hook.  The  Post  Office  adhered  to  that 
system  absolutely,  much  to  the  surprise  of  some  people  who  thought, 
perhaps,  it  had  not  all  the  good  features  that  it  should  have.  It  had, 
at  least,  that  important  feature  of  automatic  signalling,  to  which  atten- 
tion is  necessarily  drawn  now,  and  which  forms  one  of  the  features  of 
the  central  battery  system  referred  to  by  Mr.  Gavcy.  That  system  is 
not  only  an  application  of  one  important  feature  such  as  automatic 
signalling,  but  such  features  as  the  centralisation  of  the  battery  and  the 
energy  required  to  work  the  system.  Nor  is  it  a  system  which  has 
been  developed  in  a  day.  Twenty  years  ago  a  patent  for  the  centralisa- 
tion of  transmitter  batteries  was  taken  out  by  Mr.  Scribner,  to  whom, 
perhaps,  the  largest  credit  is  due  for  the  later  developments.  Mr. 
Heaviside,  in  his  communication,  thinks  that  the  system  may  live 
when  it  is  adapted  to  all  the  circumstances  of  the  telephone  service. 
I  think  it  may  be  said  that  there  are  no  conditions  of  the  telephone 
service  known  to  practical  telephonists  which  the  central  battery 
system,  described  and  shown  at  the  Paris  Exhibition,  does  not  meet. 
Mr.  Sinclair  is  of  opinion  that  Mr.  Gavey  is  a  little  too  sanguine.  I 
think  Mr.  Sinclair  ought  to  have  expressed  those  views  a  little  more 
strongly,  and  given  some  reasons  for  them.  My  impression  is  that,  as 
a  member  of  the  Jury  of  the  Paris  Exhibition  and  in  some  other 
capacities,  Mr.  Gavey  has  made  a  sufficiently  thorough  study  of  that 
system  to  express  an*  opinion.  It  may  be  that  Mr.  Sinclair  will  agree 
later  on,  when  time  has  still  more  shown  the  satisfactory  working  of 
the  system. 

One  point  with  regard  to  the  telephonic  repeater.  I  would  remind 
Mr.  Gavey  that,  whilst,  perhaps,  the  question  may  have  been  raised 
more  specifically  twelve  years  ago,  still  it  is  of  earlier  origin,  for  Gilli- 
land  took  out  a  patent  for  a  telephonic  repeater  In  1879.  About  that 
time  there  was,  so  to  speak,  an  epidemic  of  telephone  repeaters, 
although  there  was  no  million-dollar-reward  for  them.  It  is  a  curious 
thing  that  when  there  is  no  large  reward  offered  there  seems  to  be  a 
prolific  supply,  and  now  there  is  a  large  reward  I  do  not  know  of  any- 
thing in  the  nature  of  a  practical  repeater  put  forward.  The  first 
telephonic  repeater  does,  to  my  mind,  seem  to  have  the  germ  of  a 
working  instrument,  even  more  so  than  the  beautiful  instrument  we 
have  had  described  here.  The  idea  was  to  have  a  telephonic 
diaphragm  as  a  receiving  instrument,  and  make  it  a  combination 
instrument,  attaching  it  to  a  microphone  transmitter.  Although  the 
original  i*""'  '  has  been  before  the  public  for  twenty  years,  it  has 

not  bee  ^ny  practical  stage. 
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an  sects  ce  rLiCTt^a:  =tJi^  "K'jcii  CJ-i  be  y:Jk>;'v  0»:<O'*X\i  ju>  u^  >  v^- 
intensity,  z:^  zz  Lie  ^cr:n^  nac^tc  ackl  ":  tx'  xr-^*;?  S."v'»i>fv^  :  V 
poie>  aad  itx:  a: — n^-rz  zc  x  rT^.l^:^?.  w^vii  Trav  r^r  ^r  :."  Sr  jks  ^^v^^ 
a>  6.000  cr  7,300  ^-r^i  vs^  Ir  =s  a  ^^rit  Ci:^' :  ^  "  i.\v  a  ^v*\i  tv^  uc'<  v^* 
to  the  ideau  I  a=i  3:c  q— li  sc  >cr\f  Li^  the  vCtcr  tw"-u\  '«.u.a\:,.  is 
destined  to  reoKire  tbc  sirre  rcirseyfnire  cs?*:  jl>  :h^  wccvl  ^,^:a .vs.  K>:^um^ 
it  is  mcrelT  a  ^Tr^rcv::!  toe  that  for  w^ich  wv  hjhi  Ji  >hoctiT  ivaixht 
before,  Tiz-,  a  nug:::etic  J>«^,  aod  it  is  T;2St  as  easy  tv*  tjufc  aKnU  v^ixt^ 
millioa  lines  *>  oac  sniUwa  nLunarells ;  iadtxxl.  it  is  nittn  r  >hv^  ut  tv^ 
say  a  **  mcgafine*'  than  a  •*  mega-max^KvlL  *  I  wish  ibcv  tvMi  ^^wn  the 
name  maxvieQ  to  the  prodoct  10*  nuu*m:tic  lincSv  so  that  \vc  cvMtKI  h>*w 
had  the  one  maraxi!  as  the  name  tor  that  amoiiut  iH^  lUsi^^icttc  Aux 
which  if  **cut"  in  one  second  woold  produce  an  iiuUKtivM)  v^"^  one 
volt. 

I  had  an  opportunity  of  inspecting  the  met  hot!  of  \\irele»  telegraph  v 
devised  by  Professors  Slaby  and  Count  Arco»  not  only  in  the  l\»ris 
Exhibition,  but  also,  prexiously,  in  Berlin*  and  to  witness  its  WHwking 
from  Berlin  to  Oberschonweide — 1  do  not  know  how  many  nulcs  :  some 
seven  or  eight  miles,  at  any  rate.  I  do  not  think  that  the  diagr;nn  in 
the  paper,  however  excellent  it  may  be,  would  quite  convey  to  anylHHly 
who  had  not  seen  Arco's  arrangement  exactly  what  it  was,  The 
vertical  cylinder  in  Fig.  6  represents  the  wire  cage — if  you  can  call  it 
a  cage — made  of  either  six  or  eight  wires,  I  forget  wl\ich,  quite 
ordinary  thin  wires  about  100  or  150  feet  long,  joined  to  a  ring  aiH)ut 
six  feet  across  at  the  top  and  another  ring  six  feet  across  at  the  boltoin, 
and  slang  from  a  tall  chimney,  or  something  of  that  kind.  It  is  very 
remarkable  indeed  that  you  should  be  able  to  send  wireless  messages 
from  one  of  these  cages  to  the  other  when  the  tops  of  tlie  cages  as  well 
as  their  bottoms  are  earthed.  The  one  thing  on  which  emphasis  has 
hitherto  been  laid  in  wireless  telegraphy,  so-called,  was  that  you  should 
have  an  elevated  and  insulated  conductor.  Well,  this  conclude )r  may 
be  elex-ated,  but  it  is  certainly  not  insulated,  and  nevertheless  signals 
are  transmitted  with  absolute  certainty. 

Lastly,  I  also  would  like  to  bear  testimony  to  the  extraordinary 
perfection  of  articulation,  of  that  recording  and  speaking  phonogiapli 
and  telephone  which  I  had  the  opportunity  of  seeing  in  I'aiis.  It  was 
not  then  called  either  the  microphonograph,  the  microtclephone,  or 
even  the  telephonograph  ;  it  was  called  the  tclegrapfioii. 

Mr.  J.  Gavey  [in  reply]  :  My  reply  on  the  discussion  ninii\  not  ho    Mr  t 
lengthy.      Mr.  Roberts  referred    to    the    doirability  of   pointing  out 
more  definitely  the  improvements  which  have  taken  place  in  telegrapliy 
and  telephony  between  the  year  1878  and  the  present  date.     Now,  ni 
preparing  thi«>  P^P^r,  1  inclined  io  make  it  suggestive  rather  than  to 
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Mr  Gavcy.  j.^^^  ^^^  definitely  what  I  thought  the  improvements  were.  But  in 
answer  to  the  remark  I  should  like  to  say  this,  that  although  between 
the  year  1878  and  the  present  time  improvements  in  telegraphy, 
except  in  details,  have  not  been  marked,  I  certainly  think  that  com- 
bining what  we  have  seen  at  the  Paris  Exhibition  with  other  inventions 
which  did  not  appear  amongst  the  exhibits,  but  which  are  coming  to 
the  front,  we  may  expect  very  marked  improvements  in  our  methods 
of  telegraphy  in  the  immediate  future.  What  I  mean  is  this.  At  the 
present  time  we  have  in  England  and  America  our  good  old  servant 
the  Morse  system,  which  has  rendered  invaluable  service  throughout 
the  whole  of  the  world,  but  which  I  cannot  help  thinking  is  not 
quite  up  to  our  modern  requirements.  I  am  looking  forward  to  an 
improvement  in  the  direction  of  transmitting  messages  by  a  simple 
method,  such  as  a  type-writing  key,  which  will  either  transmit  direct, 
as  in  the  Rowland's,  or  which  will  perforate  sUps,  as  in  methods  de- 
signed by  a  couple  of  other  inventors,  slips  that  will  be  passed  through 
an  automatic  transmitter  at  a  high  speed,  and  that  will  admit  either  of 
the  typing  or  of  the  writing  out  in  cursive  characters  the  messages 
at  the  far  end  without  the  necessity  for  transcribing,  and  without,  let  me 
say,  the  somewhat  messy  operation  of  sticking  down  Hughes'  slips  on  a 
sheet  of  paper.  In  making  that  remark,  I  wish  it  to  be  understood  that 
I  do  not  in  the  slightest  degree  wish  to  undervalue  the  lovely  instru- 
ment that  was  designed  by  Professor  Hughes,  and  that  has  been  so 
extensively  used  on  the  Continent;  but  I  think  every  one  will  admit  that 
an  instrument  which  will  either  print  or  write,  I  do  not  care  which,  on 
a  column  of  paper  a  message  in  such  a  form  that  it  can  be  immediately 
sent  out  to  the  recipient,  is  far  and  away  in  advance  of  anything  we  have 
yet  had.  I  venture  to  prophesy  that  we  are  within  a  measurable  distance 
of  introducing  and  using  instruments  of  this  type.  With  reference  to 
telephones,  Mr.  Roberts'  remark  is  a  trite  and  a  true  one  ;  that  is  to  say, 
the  improveuK'nts  have  been  mostly  in  detail.  And,  after  all,  there  is 
no  other  improvement  possible.  For  a  telephone  you  must  have  an 
instrument  that  you  can  speak  into  and  hear  by.  You  want  a  line,  and 
you  want  switching  apparatus  which  will  meet  the  conditions  of  switch- 
ing one  subscriber  through  to  another  readily.  Given  these,  which  are 
absolutely  necessary,  all  tUher  improvements  must  be  improvements  in 
detail,  and  1  ventuic  to  think  that  the  improvements  in  detail  which  have 
been  made  in  telephony  within  the  last  four  or  five  years  have  amounted 
alnn)st  to  a  rev(»lution.  With  reference  to  another  criticism  that  a  more 
extended  deMiiption  nnght  l>e  given  in  the  present  paper,  as  I  said 
beft»ie,  the  papei  is  lathei  suggestive  than  descriptive. 

piotrsM»i  ritvMnpson  has  letcuedto  the  cylinder  in  Fig.  6.  I  am  not 
tespdusible  lot  the  enj^jtaxei,  but  that  was  copied  almost  exactly  from  a 
pamphlet  thai  \\.»s  ^'ven  to  ino  bv  the  exhibitors  at  the  Paris  Exhibition, 
and  it  wan  «.upi>o^td  to  desvuln'  accuiatelv  Slabv's  and  D'Arco's  svstem. 
In  conelustoM  t  nm-U  to  utuin  thanks  both  on  t>ehalf  of  the  Institution 
aitd  mv'-rll,  tt»  tlu  ph»piulois  anil  editois  of  The  Electrician  and  The 
•••vjnf,    iltacH"'  !'•*   Umh  ot  all   the  blocks  that  are  used  in  illus- 

xi\\A  \Ms  tu(\tn) 

tj     » i.  Ml  It  hu  \\,  tlu^  »s  the  tir>t  meetinsj  of  the  session. 
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We  hare  had  a  most  ezccUent  paper,  and  it  has  led  to  a  very  fine   prcsidcot 
discossioQ.     I  pfX»pose  a  vote  of  thanks  to  Mr.  Gavey  for  his  paper.   - 
The  vote  of  dianks  was  carried  by  acclamation. 

The  Prestdext  :  I  will  now  call  txpon  Mr.  Goolden  to  describe  and 
to  demonstrate  the  use  of  the  Stelje's  Type- writing  Telegraph. 

THE   STELJE'S  T^-PE-WRITING  TELEGRAPH. 

Mr.  W.  T.  GooLDEX  :  The  instrument  which  I  have  the  honour  to  bring 
before  the  notice  of  this  meeting,  although  it  will  not  have  the  scientific 
interest  and  importance  of  those  which  have  been  described  by  Mr. 
Gavey  in  his  paper,  will,  I  think,  have  some  interest  for  the  members. 
It  is  the  outcome  of  a  very  considerable  number  of  years'  work.  Ever 
since  the  first  introduction  of  the  WTieatstone  ABC  telegraph,  a  large 
number  of  people  have  tried  to  produce  a  printed  record  of  messages 
sent.  This  instrument,  which  has  been  invented  during  the  last  few 
years,  has  achieved  that  object,  and  at  both  ends  of  the  wire  a  record 
of  the  messages  sent  is  obtained,  preventing  mistakes  which  are  some- 
times made  by  the  original  ABC  indicator,  and  also  by  the  telephone, 
and  preventing  any  dispute  as  to  the  actual  message  which  has  been 
sent.  The  principle  underlying  the  success  of  this  instrument  is,  I 
think,  the  inversion  of  the  method  usually  adopted.  Instead  of  the 
current  which  is  sent  along  the  line  doing  the  work  of  printing,  the 
current  merely  controls.  The  mechanism  of  the  work  is  done  by 
weights  or  springs.  There  are  two  trains  of  wheels,  one  actuating  an 
escapement  which  brings  the  type-wheel  into  position,  and  the  other 
train  of  wheels  which  does  the  actual  printing  by  means  of  a  lever. 
The  printing  lever  is  held  up  in  rather  an  unusual  way  by  the  alternate 
currents  against  an  electro-magnet,  and  when  the  current  is  stopped 
the  lever  allows  the  printing  to  take  place  by  means  of  the  weights 
or  springs.  A  point  of  interest  that  I  should  also  like  to  bring  before 
you,  in  connection  with  this,  is  that  this  is  particularly  applicable 
to  telephone  lines.  We  have  had  a  successful  trial  of  this  instrument, 
printing  between  London  and  Manchester  on  a  loop  line,  and  we  have 
also  found  that  we  can  use  the  instrument  while  the  telephone  is 
actually  working  without  any  detriment  at  all  to  the  neighbouring 
wires  and  without  any  noise  on  the  telephone.  Those  points  you 
will  be  able  to  see  for  yourselves  outside.  There  is  an  instrument 
downstairs  in  the  hall  and  another  one  at  the  top  of  the  stairs  to 
which  telephones  are  attached,  and  you  will  see  that  by  means  of 
choke-coils  which  are  placed  in  the  circuit,  the  two  instruments,  the 
telephone  and  the  printing  telegraph,  can  be  worked  simultaneously 
without  any  detriment  the  one  to  the  other.  There  is  another  instru- 
ment also  outside,  the  invention  of  Mr.  Higgins,  which  I  do  not  yet 
know  very  much  about,  so  I  cannot  describe  it  in  great  detail,  but  it 
appears  to  work  extremely  well.    You  will  see  it  for  yourselves. 

The  President  :  I  will  ask  you  to  pass  a  vote  of  thanks  to  Mr. 
Gooklen  for  this  description  and  also  for  the  demonstration  he  is  about 
to  give  downstairs. 

The  vote  was  carried  by  acclamation. 
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The    President   announced    that    the    scrutineers    reported   the 
following  candidates  to  have  been  duly  elected  : — 


Members : 


James  Franklin. 

William  Henry  Trentham. 


Robert  Robertson,  B.Sc.  (Edin,), 
M.Inst.C.E. 


Associate  Members: 


Leonard  James  Aron. 
Marshall  Handyside  Bennett. 
Robert  Beveridge. 
John  Bowden. 


George  Dalton  Dauncey. 
John  Lambert. 
John  Todd  Morrison. 
Wilfred  Ernest  Pcnnefather. 


Henry  Nicol  Thomas. 
Foreign  Members : 


Professor  Riccardo  Arno. 
Professor  Mikail  de  Chatelain. 


Guido  Semenza. 

William  Gordon  Thomsen. 


Associates : 


William  James  Baker. 

George  Ernest  Cummings. 

Arthur  Joseph  Drakes. 

Edward  George  Penning. 

Wilfred  Gaye. 

James  Olliff  Griffits  Gibbons. 

George  Gordon. 

Isaac  Bridge  Hadaway. 

Edwin  Percy  Harvey. 

Adam  Henry. 

Harold 


Charles      Frederick      Maxwell 

Hibberd. 
Frank  Holland. 
Reginald  Herbert  Kent. 
George  Kelly  Nowlan. 
Davidge  Page. 
William  Harry  Ridpath., 
Frank  Harold  Rippon. 
Edward  Lyle  Rossiter. 
Albert  R.  Turner. 
Wragg. 


Students : 


Earnest  Rosling  Alexander. 
Denis  Robert  Howe  Browne. 
Oswald  Henry  Browne. 
Harry  Leslie  Churton. 
Reginald  Cecil  Creascy. 
Edgar  dc  Lautour. 
Charles  Henry  Fisher. 
Robert  Benjamin  Forsler. 


Richard  Walter  Gregory. 
Sydney  Hubert  Harris. 
Arthur  Lawrence  Kavanagh. 
Robert  Martin  Longman. 
Frederick  Oldham  Mills. 
Leopold  Romero. 
Henry  William  Taylor. 
William  Bernard  Thompson. 
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GLASGOW    LOCAL    SECTION. 

Paper  read  at  Meeting  of  Section^  November  14//*,  1900. 


ELECTRICITY    SUPPLY. 

By  W.  A.  Chamen,  Member. 

This  subject  has  been  dealt  with  so  often  and  by  such 
able  hands  that  the  author  feels  some  diffidence  in  ventur- 
ing to  write  a  paper  upon  it.  The  brief  remarks  which  are 
now  offered,  however,  will  bear  only  upon  two  points  in 
connection  with  the  subject,  and  will  naturally  take  some 
colour  from  the  particular  aspect  of  the  question  as  applied 
to  the  city  of  Glasgow. 

System  and  Pressure  of  Supply. 

The  fact  that  several  undertakings  which  have  com- 
menced with  an  alternating  single-phase  high-tension 
supply  have  recently  been  actively  engaged  in  changing 
their  central  or  nearer  areas  to  low-tension  continuous 
current,  supplied  direct  from  dynamos  fixed  in  the  genera- 
ting station  without  transformation  of  any  kind,  must  surely 
be  taken  as  a  clear  indication  that  low-tension  continuous 
current  is  found  to  be  more  suitable  and  more  economical 
for  all  purposes,  where  the  distance  is  not  so  great  as  to 
make  it  too  costly  in  copper.  This  change  has,  of  course, 
been  brought  about  by  the  alteration  in  the  Board  of  Trade 
Regulations  allowing  the  use  of  a  pressure  in  consumers' 
premises  not  exceeding  250  volts,  and  consequently  of  a 
three-wire  system  with  a  pressure  not  exceeding  500  volts 
across  the  outers. 

Mr.  Addenbroke,  in  a  very  able  paper  read  before  this 
Institution  in  London  a  few  years  ago,  foretold  this  result, 
and  showed  that  with  a  favourably  selected  position  of 
generating  station  an  area  measuring  five  miles  in  diameter 
could  be  economically  dealt  with  by  means  of  low-tension 
continuous  current  under  these  altered  conditions.  Experi- 
ence has  proved  this  to  be  so,  and  in  Glasgow  the  supply  is 
at  present  carried  on  over  a  radius  of  two  and  a  half  miles 
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each  way  from  the  New  Station  at  Port-  Dundas.  It  does 
not  follow,  of  course,  that  it  will  always  be  economical  to 
work  in  this  way,  as  the  load  may  grow  to  such  an  extent  as 
to  \yarrant  putting  down  other  generating  stations  at  the 
more  distant  points  rather  than  transmitting  many  thousands 
of  horse-power  through  cables  from  a  generating  station 
already  fully  taxed  by  a  demand  of  some  20,000  to  30,000 
horse-power  within  a  radius  of  much  less  than  two  and  a 
half  miles  around  it. 

On  the  other  hand,  there  may  be  cases  where  small 
amounts  of  current  require  to  be  transmitted  to  exceptional 
distances,  and  in  such  cases,  small  auxiliary  high-tension 
plants,  either  continuous  or  alternating,  would  seem  quite 
justifiable.  The  fact,  however,  that  these  may  be  necessary 
is  no  reason  whatever  why  the  whole  generating  plant 
should  be  made  high-tension  and  current  transformed 
down  even  in  central  areas  close  around  the  generating 
station. 

The  obvious  common-sense  principle  on  which  to 
proceed  is  surely  to  use  simple  low-tension  direct  supply 
at  as  high  a  pressure  as  possible,  and  when  this  fails  to 
meet  the  case,  to  supplement  with  high-tension  transmission 
for  the  remainder. 

A  well-known  consulting  engineer,  in  a  discussion  on 
this  subject  some  three  or  four  years  ago,  went  so  far  as  to 
admit  that  this  was  the  right  line  to  go  upon,  but  said  that 
he  found  the  public  wanted  an  alternating-current  supply 
and  not  a  continuous  one,  and  in  consequence  recommended 
that  low-tension  alternators  be  used  for  direct  supply  to  the 
home  areas  and  that  step-up  transformers  be  used  in  connec- 
tion with  this  same  supply  for  reaching  the  outlying  districts, 
thus  avoiding  the  necessity  for  any  kind  of  separate  genera- 
ting plant  for  this  purpose. 

The  idea  was  ingenious,  but  the  author  is  not  aware  that 
any  use  has  been  made  of  it,  possibly  because  it  has  been 
found  that  the  public  do  not,  after  all,  want  alternating 
current. 

For  supplying  motors  or  arc  lighting  who  would  prefer 
single-phase  alternating  current  to  continuous?  And  for 
incKndescent  lighting,  what  is  to  be  gained  by  using 
alternating  current  ? 

It   may  Se   wasting  your   time   to   ask   these 
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qocstioQs  or  to  put  liieac  Mrgamcats  before  yi>n,  but  no 
less  a  genius  than  Mr,  Ferranti  only  recently  puWidy 
stated  his  opinjon  that  singie-pbase  ahemating  cnment 
wooW  5«t  come  to  be  the  tmiversally  accepted  system  of 
supply. 

There  are,  of  coarse,  those  who  say  that  two-phase  or 
three-frfiase  alternating  current  of  low  periixiicity  will 
shortly  supersede  eisTerything  dse,  bat  in  their  case  the 
puMic  are  not  found  to  want  alternating  current  but 
continaooSy  and  this  is  managed  by  means  of  rotary 
converters.  The  object  of  this  system  is  said  to  be  to 
allo\r  the  ^nerating  station  (which  for  some  reason,  never 
yet  satisfactorily  explained,  is  bound  to  contain  the  whole 
generating  plant  of  any  one  undertaking  or  more  if 
possible)  to  be  situated  at  a  considerable  distance  from 
the  area  of  supply,  where  land  is  cheap  and  coal  readily 
obtainable. 

In  a  place  like  London,  where  the  cost  of  land  within 
the  lighting  area  is  practically  prohibitive,  where  railway 
accommodation  is  *  impossible  and  the  conditions  and 
restrictions  arising  through  the  interests  of  surrounding 
proprietors  most  onerous,  there  is  no  doubt  some  reason 
for  adopting  such  a  system  ;  but  it  is  somewhat  remark- 
able that  in  the  case  of  the  Glasgow  Tramway  ix>wcr 
supply,  in  which  this  system  is  being  introduced,  there 
was  much  anxiety  to  get  a  site,  not  as  near  the  coal-pits 
as  possible,  but  as  near  the  centre  of  the  city  as  might  be. 

The  site  ultimately  purchased  is  about  the  same  distance 
radially  from  the  centre  of  the  city  as  the  Port  Dundas 
Electricity  Supply  Works,  and  figures  were  given  to  show 
both  the  extra  capital  which  would  be  involved  in  going 
further  afield  and  the  annual  extra  cost  through  loss  in 
distribution. 

Again,  it  is  argued  that  the  weak  spot  in  a  continuous- 
current  system  is  the  commutator  of  the  dynamo,  but 
experience  has  proved  that  this  is  an^  absolutely  erroneous 
idea.  Nothing  could  be  more  satisfactory  than  the  running 
of  the  brushes  and  commutators  of  most  of  the  dynamos 
as  now  constructed,  and,  in  fact,  two-  and  three-phase 
alternating  systems  rdy  entirely  upon  commutators  in  the 
rotary  converters. 

The  conclusions  to  which  these  considerations  seem  to 


108  CHAMEN:    ELECTRICITY  SUPPLY.  [Glasgow, 

point  are  :  (i)  That  there  is  no  more  economical  or  satis- 
factory method  of  supply  than  low-tension  continuous 
current,  generated  upon  a  site  or  sites,  within  the  area  of 
supply  if  possible,  and  supplemented  by  a  small  amount  of 
high-tension  plant  if  necessary  in  order  to  supply  remote 
corners  of  the  area  which  may  be  beyond  the  reach  of  low- 
tension  supply.  (2)  That  if  it  be  impossible  to  find  sites 
within  the  area  at  any  reasonable  price  and  with  railway 
accommodation  and  freedom  from  onerous  restrictions  due 
to  surrounding  proprietors,  then  a  high-tension  generating 
station  or  stations  without  the  area  will  be  the  next  best 
arrangement,  though  the  cost  of  supply  will  be  increased  to 
some  extent. 

And  it  therefore  follows  that  in  order  to  ensure  supply 
at  the  maximum  economy  in  years  to  come,  sites  should  be 
retained  in  suitable  positions  within,  or  as  close  as  possible 
to  the  area  of  supply,  and  iwith  proper  railway  accommoda- 
tion and  freedom  from  hampering  restrictions,  even  at  some 
sacrifice  in  the  interval  until  they  are  required. 

As  regards  the  exact  pressure  of  supply  to  consumers,  it 
is  obvious  that  the  higher  the  pressure  the  more  economical 
will  be  the  distribution,  and  it  must  also  be  clear  that  where 
lighting  and  tramways  are  supplied  from  the  same  generating 
station  it  is  an  advantage  to  have  the  pressure  for  both 
purposes  alike.  The  pressure  allowed  by  the  Board  of 
Trade  for  tramway  supply  is  500  volts,  and  the  dynamos 
are  usually  constructed  to  run  from  500  to  550  volts  for 
that  purpose.  These  same  dynamos  will  therefore  be  most 
suitable,  if  they  are  to  be  used  alternatively  on  lighting 
mains,  for  supply  on  a  500-volt  three-wire  system,  using 
250-volt  lamps  in  consumers'  premises,  with  balancers  or 
equalisers  to  compensate  for  out-of-balance  middle-wire 
currents.  They  will  allow  up  to  50  volts  drop  in  feeders  at 
times  of  heavy  load.  The  Board  of  Trade  Regulations  for 
lighting  place  the  limit  for  low-tension  supply  at  250  volts, 
but  although  the  city  of  Glasgow  has  some  1,500  consumers 
with  a  maximum  load  of  about  3,000  kilowatts  already 
supplied  at  this  pressure,  and  the  municipalities  of  Govan 
and  Greenock  have  also  considerable  numbers  of  consumers 
supplied  at  the  same  pressure  with  complete  satisfaction,  the 
Board  of  Trade  are  declining  to  sanction  more  than  240 
volts  declared  press  ^ndon  district  and  elsewhere. 


Tlitr  argument  appear>  to   ht-  that  Xhv  250-volt  limit  tv 
one  heyond  which  the  pre^-^urc  miist  (Mi   nn  account  4^0, 
and  that  consequently  h  cannot  be  a  declare  J  prosjsiire  with 
the  margin  of  variation  allowed   in  ani>ther  j^rt    ol   thoii 
Regulations, 

Whatever  may  be  the  actual  construction  to  be-  put  upon 
the  u*ords  from  a  legal  point  of  view,  surely  it  is  imR*a<k^nabk 
and  inconsistent  to  take  this  line. 

The  Board  of  Trade  is  appointed  to  look  after  the  in- 
terests of  the  public,  but  in  what  way  do  the  public  snftoi 
through  being  foipplied  at  250  volts  ?  The  thing  is  done, 
and  is  an  admitted  success.  It  has  been  in  Ol^orat^on  in 
Glasgow  for  about  eighteen  months  and  no  trouble  of  any 
kind  has  arisen  in  connection  with  it.  There  can,  therotoro, 
be  no  scientific  or  practical  reas<^n  why  it  should  n<>t  be 
allowed. 

The  proposal  to  establish  240  w^lts  means  yet  anolhei 
voltage  to  worry  manufacturers  and  contractors,  and  thi\>ngh 
them  the  public.  If  the  Board  of  Trade  had  taken  the  lu\o 
of  establishing  a  standard  voltage  for  the  benetit  of  everybody 
concerned,  there  would  have  been  some  clear  object  in  il» 
but  the  result  of  this  decision  will  he  to  make  at  le.ist  live 
diflFerent  standard  voltages — viz.,  200,  220,  230,  240,  and  ^50 
volts — in  use  in  various  places  in  the  kingdom. 

On  the  other  hand,  to  agree  upon  250  volts  as  the 
maximum  declared  pressure  in  consumers*  premises  wonltl 
have  tended  to  settle  all  new  work  down  to  this  staiulard, 
and  would  have  avoided  the  addition  of  another  voltage  to 
the  already  too  numerous  standards  in  use. 

At  a  time  like  the  present,  when  standardisation  is  so 
much  talked  about,  electrical  engineers  will  do  well  to  give 
this  matter  special  attention,  and  if  necessary  approach  the 
Board  of  Trade  in  a  body  with  a  view  to  getting  25;o  volts 
sanctioned.  It  is  hard,  however,  to  see  what  necessity  there 
can  really  be  for  taking  so  much  trouble  about  so  small  a 
matter,  as  all  that  is  required  is  for  the  Board  of  Trade  to 
agree  to  that  reading  of  Clause  i  in  the  Kegulations  for 
Securing  the  Safety  of  the  Public,  which  shall  allow  250 
volts  to  be  a  declared  pressure,  subject  to  tlie  variation  of 
foor  per  cent,  from  that  pressure,  as  laid  down  in  CUuM'  7 
of  the  Regulations  for  Ensuring  a  Proper  and  Sufficient 
Sopply  of  Electrical  Energy. 
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Probably  the  real  reason  why  electrical  engineers  have 
not  taken  any  decisive  action  about  this  matter  is  that  all 
the  older  undertakings  are  already  committed  to  some 
ojher  voltage,  and  will  naturally  not  feel  called  upon  to 
press  for  250  volts  when  they  themselves  use  220  or  230, 
and  would  not  find  it  worth  while  to  exchange  to  250. 
This,  however,  is  short-sighted  policy,  and  it  seems  to  have 
resulted  in  the  meantime  in  the  standardisation  not  of  any 
of  the  existing  voltages,  but  of  another  one,  viz.,  240  for  all 
new  work. 

In  the  case  of  Glasgow,  the  author  of  this  paper  was 
faced  with  the  problem  of  converting  an  existing  200-volt 
three-wire  system  into  one  of  a  higher  pressure,  and  the 
question  immediately  arose  as  to  whether  it  would  be  right 
to  be  contented  with  a  400-volt  system,  using  200-volt  lamps 
in  consumers'  premises,  or  to  adopt  any  higher  voltage. 

While  making  an  alteration,  it  was  clear  that  if  any 
departure  were  made  from  the  simple  multiple  of  the  exist- 
ing state  of  things,  additional  complications  would  arise  in 
consumers'  premises.  The  next  consideration  was  whether 
the  advantage  to  be  gained  was  worth  the  complication  and 
the  cost  thereof,  and  it  then  became  necessary,  in  order  to 
ascertain  wliat  the  advantage  would  be,  to  settle  upon  some 
definite  pressure  as  a  basis  for  calculation.  Granting  that 
250  volts  could  be  used,  it  meant  the  difference  between  a 
400-  and  a  500-volt  supply,  i.e.,  an  increase  of  25  per  cent, 
on  the  voltage.  The  vajue  of  this  increase  need  not  be 
enlarged  upon  in  a  paper  addressed  to  electrical  engineers. 
The  advantages  to  be  gained  in  the  way  of  the  saving  of 
copper  in  the  mains  and  ease  of  regulation  of  voltage  over 
considerable  distances  seemed  so  great  as  to  make  it  well 
worth  while  to  take  the  step. 

Glasgow  always  wishes  to  be  in  the  front  line,  and  it 
certainly  would  not  have  been  so  had  it  settled  down  con- 
tentedly to  a  400-volt  three-wire  system  at  the  point  when  it 
was  starting  to  lay  a  distribution  system,  designed  rapidly 
to  extend  over  an  area  of  some  twenty-eight  square  miles. 
There  is  no  doubt  whatever  in  the  author's  mind  that  this 
alteration  to  250  volts  was  the  right  step  to  take,  and  if  the 
Board  of  Trade  do  not  think  so  now,  there  cannot  be  the 
slightest  doubt  but  that  they  will  come  to  that  opinion 
shortly.     It  is,  however,  much  to  be  regretted  that  in  the 
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meantime  other  new  undertakings  should  be  started  in 
various  places  at  240  volts  instead  of  250. 

There  can  be  no  cause  for  alarm  or  /or  the  statement 
that  it  is  a  stretching  of  the  Regulations  which  will  never 
end,  for  it  must  be  quite  clear  to  any  one  that  250  volts  is 
the  absolute  limit  of  declared  pressure  at  customers'  terminals 
(apart  altogether  from  motive  power  supplies  which  are 
granted  at  500  volts  by  the  special  permission  of  the  Board 
of  Trade),  and  no  one  could  possibly  go  beyond  this  figure 
without  deliberately  defying  the  Regulations. 

The  author  holds,  of  course,  that  the  Regulations  as  they 
now  stand  are  perfectly  capable  of  being  read  so  as  to  allow 
this  250  volts  as  a  declared  pressure,  and  he  doubts  very 
much  whether  any  judge,  after  hearing  arguments,  would 
not  decide  that  the  real  meaning  of  the  Rules  is  that  250 
volts  may  be  used. 

The  words  of  the  two  clauses  upon  which  the  whole 
argument  depends  are  as  follows  : — 

A.— Pressure  0/ Supply  to  Consumers. 

(1)  "  The  pressure  of  a  supply  delivered  to  any  con- 
sumer shall  not  exceed  250  volts   at  any  pair   of  ter- 
minals except  with  the  express  approval  of  the  Hoard 
of  Trade." 
B, — Variation  of  Pressure  at  Consumers'  Terminals, 

"  The  variation  of  pressure  at  any  consumer's  ter- 
minals shall  not  under  any  conditions  of  the  supply, 
which  the  consumer  is  entitled  to  receive,  exceed  4  per 
cent,  from  the  declared  constant  pressure." 

For  a  time  a  great  deal  was  made  of  the  argument  that 
250-volt    incandescent    lamps    could    not  be  made  satis- 
factorily.    Before  deciding  upon  the  matter,  therefore,  the 
leading  lamp  manufacturers  were  consulted,  and  f 
slated  that  there  would  be  no  difficulty,  and  that  the; 
be  very  pleased  to  take  orders  for  such  lamps,     I 
most    part  they   have   been  as   good   as   their   woi 
although  some  makers  have  not  been  quite  succe 
yet,  they  will  no  doubt  shortly  be  able  to  fall  into  li 
their    competitors.     Lamps  of   even   five   and   six 
power  have  been  in  use  in  Glasgow  for  over  fifteen 
past  at  250  volts  without  failure. 
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The  efficiencies  of  the  good  lamps  now  in  use  are : — 
5  and  6  c.p.  5    watts  per  candle. 

There  seems  to  be  but  little  in  the  old  idea  that  thin 
filaments  could  not  be  made  to  last.  The  leading  manu- 
facturers seem  to  have  so  far  conquered  their  original  diffi- 
culties in  this  respect  that  even  250  volts  does  not  seem  to 
be  the  limit  to  which  they  can  go.  Indeed  it  seems  doubt- 
ful whether  in  attempting  higher  pressures  the  proximity  of 
the  terminals  in  the  present  design  of  lamp  would  not  cause 
greater  trouble  than  the  thinness  of  the  filaments.  Up  to 
250  volts,  however,  no  trouble  has  occurred  in  this  respect. 

There  is  another  possibility  to  be  borne  in  mind  in  con- 
nection with  this  matter,  and  that  is  the  introduction  in  the 
near  future  of  the  Nernst  incandescent  lamp.  The  con- 
struction of  the  filament  in  this  lamp  lends  itself  most 
readily  to  the  use  of  250  or  even  500  volts. 

The  possibilities  which  lie  before  us  with  the  Nernst 
incandescent  lamp,  giving  the  necessary  light  w^ith  about 
half  the  amount  of  energy  consumed  in  the  present  form  of 
lamp,  combined  with  the  advantages  of  the  250-volt  supply, 
are  great. 

A  word  may  not  be  out  of  place  on  the  vexed  question 
of  interfering  with  existing  arrangements  in  some  con- 
sumers' premises,  such  as  two  ordinary  open-type  arc  lamps 
in  series  on  100  volts,  special  small  motors  for  dentists'  use, 
low-voltage  heaters  and  cauteries  and  such  like  com- 
plications. 

One  frequently  meets  the  argument  that  the  increase  in 
pressure  is  all  for  the  benefit  of  the  Corporation,  and  not 
for  the  benefit  of  the  consumer.  This  argument  is  of  course 
used  by  those  who  think  that  they  will  suffer  by  the  change  ; 
but  they  arc  a  very  small  minority,  and  do  not  realise  that 
the  object  of  the  change  is  the  cheapening  of  the  supply  all 
round. 

It  is  absurd  to  talk  about  "the  benefit  of  the  Cor- 
poration." Who  are  the  Corporation  but  the  representatives 
of  the  people,  and  whose  is  the  undertaking  but  the  people's  ? 
The  object  of  *'     ^         -ation  is  to  give  that  form  of  supply 
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past  too  Eiaci  iht  occl-irorr  ~  ,;'b:  .:c'  I'^.-i-  r,-cii  nxtr^  Ta^-.^  cxn 
well  aaard  lo  pay  a  h  ^  pr:oc  ir.i  i:^  :ni"-  ^^^e  :n  every  t;r,J 
of  Iow-volLi^*e  c>33r»Lcit/v'3  wi::rh  sj::>  hi>  o^^^.  >f«ocuJ 
fancy  or  cunvc-nEenoe ;  b"Jl  :l'  naaziTiiiLin  !  ■'ar  ViXtx^o  li>  sir.l 
these  consumer^  means  lo  teep  "p  the  pnoe  ar^i  ;.>  pirxrv^nt 
the  great  British  public  irom  u>:n^  eievrtnc  !.^h:  at  alj.  The 
benefit  of  the  maKxitv,  whale  at  the  sanie  r.n^  d<;a>r^  lissllv 
with  existing  cx>n>i3iner>  in  making  the  char^,  is  wlial  the 
Corporation  aims  at.  There  are  no  dividends  u>  nvike,  and 
all  profits  are  used«  after  providing  lor  the  lasiing  financial 
soundness  of  the  undertaking,  in  reducini^  the  price. 

The  Corporation'  might  have  been  content  to  Icav^ 
things  as  they  were  and  let  the  price  remain  high,  but  this 
would  have  prevented  the  growth  and  spread  of  the  under- 
taking, lea\-ing  the  supply  to  those  who  could  afford  to  pay 
for  it,  and  whose  special  and  exceptional  circumstances  it 
happened  to  suit. 

Most  people  want  light,  and  they  want  it  in  8,  i6,  or  32 
candle-power  lamps.  These,  therefore,  demand  the  first 
and  most  careful  consideration.  The  question  is  how  to 
supply  these  at  the  lowest  cost.  Having  settled  that,  the 
other  consumers  must  be  made  to  accommodate  themselves 
to  the  altered  condition  of  things,  and  it  is  surprising,  after 
all,  how  very  little  difficulty  is  experienced  in  modifying 
existing  appliances  to  suit  the  new  conditions. 

Voltmeters  are  met  with  in  several  houses  supplied  at 
100  volts.  They  are  not  readily  altered  to  suit  250  volts,  but 
why  should  they  be  allowed  to  interfere  with  progress  ? 
They  are  at  best  most  unnecessary  and  objectionable  things 
for  consumers  to  have.  It  is  a  significant  fact  that  it  is  only 
in  loo-volt  supplies  as  a  rule  that  these  voltmeters  are  found. 

In  concluding,  attention  should  be  drawn  to  the  ano- 
malous position  in  which  the  Board  of  Trade  have  put  the 
owners  of  undertakings  by  allowing  them  to  increase  the 
pressure  of  supply  to  all  consumers,  but  only  with  the 
consent  of  such  consumers  in  the. case. of  those  supplied 
previously  to  the  date  of  the  revised  Regulations. 

In  Glasgow  common  sense  has  always  so  far  prevailed, 
but  in  London  it  does  not  seem  to  have,  done  so,  and  a  mere 
handful  of  consumers  have  in  some  cases  held  out  against 
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the  change  for  no  apparent  reason  whatever,  except  the 
unpleasant  pecuHat-iti^s  of  certain  kinds  of  human  nature. 
•  A  deputation  representing  soriie  of  the  London  Supply 
Companies  waited  upon  the  President  of  the  Board  of 
Trade  about  the  matter.  While  admitting  that  it  seemed 
unfair  for  a  few  consumers  to  have  the  power  of  practically 
upsetting  the  whole  undertaking,  the  President  is  reported 
to  have  said  that  the  companies  should  have  done  more  to 
conciliate  the  consumers.  One  cannot  help  feeling  that  the 
companies  in  London  are  hardly  dealt  with.  Every  im- 
provement they  try  to  make  seems  to  be  obstructed  by 
County  Council,  Board  of  Trade,  or  some  other  body. 
They  are  supposed  to  be  doing  everything  purely  for  their 
own  selfish  gain,  and  never  with  the  object  of  improving 
the  conditions  for  the  consumer.  Would  not  the  case  be 
very  different  if  the  local  authorities  of  London  all  held  the 
electrical  undertakings  in  their  own  hands  ?  Would  the 
President  of  the  Board  of  Trade  have  made  the  same 
remarks  if  the  local  authorities  had  been  making  the  repre- 
sentation before  him  ?  Yet  the  necessity  for  the  change  is 
the  same  with  the  companies  as  with  the  undertakings  in 
the  hands  of  local  authorities. 

It  is  to  be  hoped  that  the  Board  of  Trade  will  give  com- 
pulsory powers  in  this  matter  of  change  of  voltage,  subject 
to  arrangement  or  compensation  to  be  settled  by  an  inde- 
p)endent  arbitrator. 

The  local  authorities  of  London  may  quite  possibly  be 
the  right  parties  to  own  the  electricity  undertakings,  and  it 
is  their  own  fault  that  they  are  not  so. 

Glasgow  has  realised  the  importance  of  the  matter,  and 
purchased  the  original  undertaking  from  Messrs.  Muir, 
Mavor,  and  Coulson,  and  more  recently  the  Kelvinside 
Company's  undertaking.  The  whole  of  this  latter  company's 
consumers  have  now,  with  one  exception,  been  changed  to 
the  250-volt  supply,  and  great  progress  has  been  made  with 
the  change  of  the  old  central  area.  Govan,  which  is  not  at 
present  part  of  Glasgow,  has  started  its  own  supply  at  250 
volts,  so  that  if  ever  it  is  annexed  it  will  join  up  with 
Glasgow  without  further  change.  In  this  way  the  whole  of 
Glasgow  and  the  adjoining  communities  are  in  a  fair  way 
to  get  at  universal  supply  at  250  volts,  with  the  exception  of 
Partick,  which  is  said;  under  the  decision  of  the  Board  of 
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sad  liutt  be  was  verrpk-Jtsed  ic  he  presem  xo  hoAr  \i; 
paper.  Thf^  d  xht  Eicctnoirr  ComnuTTc^'  hj»*1  on^cjAJCod 
3klr.  Chwnm  mder  a  6ce^  isetse  of  rKpoatsihihiy,  hnjt  he  ih*>«4;hJ  ihj^t 
anyfoodF  mho  had  seen  zbt  work  tiiM  Mr,  Charocn  h^d  ^^^irx*  n^  thorn, 
mxxild  aj^rec  that  tber  ccmld  noi  possibly  hATw  mjwic  jt  bciT^er  oh*^HV, 
He  was  very  pkyaed  to  hare  beard  Mr,  ChamenV  x^cwi^  c\prc:j5<\i  t*> 
a  scieoti^  aodicnce,  and  frooi  tbc  axtcmion  miih  «^kl)  they  h*1  been 
followed  it  «:as  cicar  to  him  that  be  cookl  C2cpre<^  htm?<^)t  cq^M^ly 
luckUy  to  a  techukal  aiidkaioe  or  to  the  ottcrabcf^  oi  the  Kkctnoity 
Committee. 

Mr.  W,  B.  Sjiveks  said  that  be  aijrced  with  Mr,  ChAntc«  llwt  J*'  ^^'  ^ 
coatinuoos  current  is  the  most  satisfactory  supply  lV>r  a  oftnM^,raci\ 
Beyond  the  reasons  for  this  given  by  Mr,  Chamen  thetx?  t^-^s  the 
additional  reason  that  continuoQS<»irr^t  motors  nv%y  he  m^de  with 
variable  ^xxds  economically.  Until  recently  ditftcuUies  i>t  commutu- 
tion  made  it  impracticable  to  work  a  continuous-current  motor  At 
anything  below  its  normal  excitation  without  loss  of  power  ai^d 
destruction  of  the  commutator,  but  recent  improvements  had  rcndcivd 
it  possible  to  vary  the  speed  of  a  motor.  This  the  speaker  thou|;[ht  was 
a  very  great  advantage.  Motors  which  were  installed  for  continuouH 
current  might  be  made  to  drive  a  machine  not  at  nearly  the  corixct 
speed  but  at  exactly  the  correct  speed.  With  reference  to  the  quciition 
of  voltage  of  supply  to  consumers  and  the  Board  of  Trade  HmitAtion  to 
240  volts,  it  seemed  only  reasonable  that  the  Board  of  Trade  should 
allow  in  the  limit  of  pressure  to  private  consumers  the  same  lalihuic  us 
they  recognise  with  regard  to  the  "<J/Bclared  "  pressure.  In  other  wortl.s 
they  would  be  perfectly  consistent  if  they  specified  that  the  limit  should 
not  t>e  deemed  to  be  exceeded  if  the  pressure  were  within  four  per  cent, 
of  250  volts.  This  seemed  to  him  (Mr.  Saycrs)  to  be  the  naturnl  atut 
common-sense  decision  for  the  Board  of  Trade  to  come  to  on  the 
question. 

With  regard  to  Mr.  Chamen's  reference  to  the  firm  of  Messrs.  Miivof 
&  Coulson,  he  (Mr.  Sayers)  did  not  think  that  they  had  been  suiTicicntly 
remembered  for  their  enterprise  and  the  pecuniary  loss  they  had  mm* 
tained  when  their  station,  mains,  etc.,  were  taken  over  at  scrap  value. 
Mr.  Mavor  had  told  him  of  occasions  when,  seated  in  his  office,  watch' 
ing  the  arc  lamps  in  a  building  opposite,  his  heart  would  jump  with 
any  flicker  of  the  light,  lest  a  hitch  had  taken  place  in  the  ftitpply^ 
MesbTS.  Muir,  Mavor  &  Coulson's  venture  was  the  l>c>{inniri^  of  fhu 
Glasgow  public  supply,  however,  and  he  thought  their  pioneer  wc>f  k  in 
this  connection  de^ierved  to  be  remembered  t>y  the  citizens  of  (/U^utm. 

Ur,  M.  T.  PiCKSTOXE,  of  Messrs.  D.  Bruce  Peebles  &  Co.,  E<hnburgl»,  ¥f 
referred  to  the  variation  in  voltage  required  for  continooui-cur r ent  tt/ftn:^    *^  ^ 
He  said  this  cooid  economically  be  obuined  wHboot  %(acuhclnfl 
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p'^'kst  efficiency   to  a  very  large  extent.      His  firm  had  frequently   had   to 

produce  generators  running  with  a  range  of  from  400  to  500  volts  with 
constant  engine-speed,  and  in  fact  it  seemed  to  him  that  the  only  point 
that  affected  central  stations  was  the  question  of  the  lamps,  and  so  far 
as  the  station  was  concerned  there  was  every  possible  advantage  in 
using  a  higher  pressure. 

With  reference  to  the  subject  of  speed  variation,  he  had  a  con- 
versation with  Mr.  Chamen  about  a  year  ago  as  to  the  possibility  and 
extent  to  which  the  field  of  a  generator  could  be  weakened  and  still 
allow  its  maximum  current  to  be  extracted.  Mr.  Chamen  expressed 
the  opinion  that  he  thought  it  possible  with  certain  types  of  machines 
to  weaken  the  field  down  to  zero  and  still  take  the  full  current  without 
difficulties  as  to  sparking  at  the  commutator.  This  of  course  is  done 
to  a  very  great  extent  in  all  central  stations  in  connection  with  the 
battery-charging  boosters;  he  had,  however,  been  experimenting  of 
late  in  this  direction  with  the  view  of  utilising  it  for  variable-speed 
motors,  and  at  that  moment  his  firm  had  in  hand  a  contract  for  supply- 
ing Messrs.  Lloyds,  of  London,  with  a  printing  press  motor  of  50  H.P. 
worked  on  this  plan,  which  is  commonly  known  as  the  Ward-Leonard 
system,  in  conjunction  with  Messrs.  Geipel  &  Lange. 

With  this  system  of  motor  control  it  is  possible  to  start  the  large 
motor  from  rest  and  get  a  gradual  variation  in  speed  up  to  the  full  load 
from  zero,  the  amount  of  variation  between  each  step  merely  depending 
upon  the  number  of  contacts  on  the  shunt  rheostat  used.  In  the  case  in 
point  a  small  motor-generator  capable  of  carrying  the  full  current  of  a 
50- H.P.  motor  is  provided,  the  generator  portion  of  the  motor-generator 
being  provided  with  a  shunt-reversing  rheostat.  The  switchgear  for 
this  is  exceedingly  simple,  and  merely  consists  of  a  starting  switch  for 
the  motor- generator,  a  reversing  shunt  rheostat  for  the  generator  portion 
of  the  transformer,  and  a  double  pole  circuit  breaker  in  connection  with 
the  large  machine.  The  transformer  is  first  switched  on,  the  generating 
portion  developing  200  volts  opposing  the  voltage  of  the  line,  and  thus 
preventing  any  current  from  passing  through  the  large  motor.  On 
gradually  weakening  the  generator  field,  the  large  motor  slowly  starts 
from  rest  with  its  full  current,  and  the  speed  is  raised  by  weakening  the 
generator  field  until  this  latter  is  at  zero.  At  this  instant  the  large  motor 
is  running  at  half  its  full  speed,  and  the  generator  is  carrying  its  full- 
load  current  with  no  field  Whatever.  Still  further  to  increase  the  speed 
of  the  motor,  the  shunt  of  the  generator  is  reversed  and  the  field 
strengthened  up  in  the  opposite  direction  until  the  full  field  in  the 
opposite  direction  is  obtained  on  the  generator.  During  this  latter 
series  of  operations  the  voltage  of  the  generator  is  strengthening  the 
voltage  of  the  line,  so  that  the  large  machine  has  practically  400  volts 
across  it  when  running  at  full  load.  W^ith  this  system  of  motor  control 
not  only  is  the  switchgear  exceedingly  simple  and  compact,  but  there 
is  no  possibility  of  the  motor-man  making  any  mistake  regarding  it. 
The  efficiency  of  the  whole  system  is,  moreover,  exceedingly  high,  and 
the  writer  hopes  in  the  course  of  a  few  months  to  be  able  to  give  the 
-Institution  a  careful  series  of  tests  as  regards  efficiency  and  regula- 
tion of  such  combinations.    This  system  of  course  is  not  hew,  having 
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been  adopted  to  some  considerable  extent  in  the  United  States,  but  it   Jf/- 
does  not  appear,  for  some  reason  or  other,  to  have  been  made  use  of 
in  this  country  before,  and  more  light  is  needed  for  the  public  to 
appreciate  its  manifold  advantages. 

Mr.  J.  M.  M.  MuNRo :  The  paper  does  not  offer  to  deal  with  the  Mr.  Munro 
wholes  ubject  of  electrical  distribution,  or  even  exhaustively  to  review  any 
definite  detail  of  that  subject.  Mr.  Chamen  has  chosen  instead  to  deal 
with  a  few  questions,  primarily  of  local  interest,  but  not  without  very 
great  general  importance.  He  has  discussed  these  with  that  practical, 
comprehensive  common  sense  which  we  have  learned  to  expect  from 
him.  The  relative  advantages  of  high  and  low  tension  for  town  lighting 
is  a  subject  which  lends  itself  to  endless  discussion,  as  each  disputant 
can  select,  out  of  endless  possibilities,  the  conditions  favourable  to  the 
sv'stem  he  favours,  and  so  have  no  difficulty  in  proving  that  system  to 
be  the  more  economical.  But  when  work  is  begun  in  a  definite  area, 
facts  assert  themselves.  Mr.  Chamen  is  right,  therefore,  in  considering 
it  a  suggestive  fact  that  several  towns  are  changing,  or  arc  desirous  of 
changing,  from  high-tension  alternating  to  low-tension  continuous.  A 
considerable  part  of  Mr.  Chamen's  paper  is  devoted  to  defending  the 
pressure  of  250  volts  adopted  in  Glasgow,  and  deprecating  the  decision 
of  the  Board  of  Trade  elsewhere  to  enforce  240  as  a  maximum.  I  am 
not  going  to  enter  on  the  legal  question  of  the  interpretation  of  the 
Board  of  Trade  rules.  But  it  is  quite  within  our  province  to  discuss 
whether  there  be  any  practical  reason  why  250  volts  should  or  should 
not  be  a  permissible  declared  pressure.  Reasonable  objection  might  be 
made  to  this  pressure  if  it  could  be  shown  either — (i)  That  the  shorter 
life  and  slightly  lower  efficiency  and  other  practical  disadvantages  of 
the  250-volt  lamp  more  than  neutralised  the  economy  of  generation  and 
distribution  due  to  the  difference  between  150  volts  and  any  lower 
pressure.  (2)  That  the  risk  of  leakage,  fire,  extinction  of  light,  &c., 
was  so  increased  that  the  whole  system,  outdoor  and  in,  could  not  be 
made  as  safe  as  before  without  adding  so  much  to  the  capital  expendi- 
ture on  insulation  that  the  interest  and  depreciation  thereon  would 
neutralise  the  saving  of  copper  by  use  of  the  higher  pressure.  (The 
Glasgow  installation,  as  Mr.  Chamen  has  pointed  out,  belongs  to  the 
citizens,  so  that  the  sum  of  the  losses  of  (i)  and  (2)  should  be  set  against 
the  initial  saving  due  to  the  increased  voltage.)  (3)  That  the  risk  of 
injury  by  shock  was  seriously  increased  by  the  increase  of  potential 
difference. 

So  far  as  I  have  been  able  to  make  out,  after  endeavouring  to  balance 
these  with  such  figures  as  I  was  in  a  position  to  obtain,  the  benefit  of 
using  250  volts  amply  justified  the  change  from  100  or  even  200  volts. 
It  is  obvious  that  a  pressure  of  240  volts  gives  nearly  all  the  benefits 
which  may  be  derived  from  250.  Why,  then,  apart  from  the  question 
of  too  many  standards  (for  the  variety  of  which  the  Board  of  Trade  is 
not  altogether  responsible),  ought  we  to  agitate  for  a  250-volts  standard  ? 
My  own  mind  has  for  many  years  favoured  the  adoption  of  250  volts 
as  the  maximum  standard;  for  these  among  other  reasons — (i)  Its 
double  (500-550  volts),  the  pressure  of  the  outers,  is  the  common 
standard  pressure  for  tramway  work.     In  most  places  the  supply  for 
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tramways  and  lighting  can  be  with  advantage  combined  under  one 
management,  and  it  is  as  well  to  have  as  many  parts  as  possible 
interchangeable  between  the  two.  (2)  The  pressure  of  500-550  volts 
is  about  the  limit  of  safe  pressure  for  physiological  reasons.  At  this 
pressure  shock  is  unpleasant.  We  have  all  heard  of  injury  to  people 
by  much  less  than  500  volts,  but  we  also  know  of  many  who  have 
received  500-volt  shocks  without  harm.  Much  of  course  depends  on 
the  route  of  the  current  through  the  body,  the  resistance  of  the  contact 
made,  and  the  condition  of  the  recipient  both  as  regards  mind  and 
body.  In  any  case  a  pressure  of  500  volts  appears  to  be  about  the  safe 
limit  under  ordinary  conditions.  (3)  A  less  important  reason  is  that 
250-500  are  conveniently  round  figures.  (4)  I  might  add  a  fourth 
reason  that  with  pressures  over  250  volts  switches  and  minor  appliances 
need  to  be  somewhat  clumsy  to  get  safety  distance  between  parts. 

I  have  no  doubt  that  it  will  in  time  be  necessary  to  add  to  the 
number  and  proximity^  of  Glasgow  supply  stations.  I  am  sorry  the 
new  Electric  Tramway  Station  was  not  farther  from  the  Electric  Light 
Station  at  Port  Dundas — much  farther,  or  a  great  deal  nearer — that  is, 
under  one  roof. 

For  long-distance  transmission,  the  various  forms  of  alternating 
high-tension  current  may  be,,  and  are,  successfully  employed.  Some- 
thing has  been  attempted  in  this  country,  and  more  w»ill  be  done, 
in  the  direction  of  sending  power  from  where  it  is  cheap  to  where  it  is 
dear.  For  electric  railway  work  alone,  on  other  than  short,  isolated 
lines,  there  is  a  great  future  for  transmission  at  high  pressure,  with 
transformation  down  to  working  pressures  of  500  volts  for  polyphase 
motors,  as  well  as  by  transformation  to  continuous  current  at  like 
pressures  for  lines  having  many  stopping-places  close  together. 

Lord  Kelvin  asked  Mr.  Chamen  if  it  was  possible  to  increase  the 
pressure  of  an  installation  from,  say,  200  volts  to  250  volts  by  simply 
increasing  the  speed  of  the  engines  and  dynamos.  He  wished  to  knoAv 
if  the  fittings  now  in  use  for  100  or  200  volts  were  suitable  for  250  volts. 
Lord  Kelvin  had  himself  said  some  years  ago  that  he  did  not  think  it 
would  be  safe  to  allow  a  higher  pressure  than  300  volts  inside  a  con- 
sumer's premises.  His  Lordship  also  made  interesting  reference  to  the 
development  of  the  incandescent  lamp  by  Swan  and  Edison.  He 
mentioned  that  Swan  had  started  by  making  lamps  at  45  volts  pressure, 
and  that  Edison  had  doubled  this  pressure,  making  his  lamps  suitable 
for  100  volts.  Since  then  the  pressure  of  supply  had  gradually  risen, 
and  he  was  pleased  to  know  that  satisfactory  250-volt  lamps  could  now 
be  made. 

Mr.  P.  D.  I  ON  IDES,  of  the  Westinghouse  Company,  made  brief 
reference  to  the  flexibility  of  a  three-phase  transmission  and  dis- 
tribution. 

Mr.  Sam  Mavor,  referring  to  Mr.  Sayers'  remarks,  wished  to 
acknowledge  the  very  generous  recognition  which  Mr.  Chamen  had 
always  accorded  to  Messrs.  Muir,  Mavor  &  Coulson's  pioneer  work  in 
the  Puhtfc  liUi.tTic  Supply  for  Glasgow.  Mr.  Chamen  had  earned 
Rrcat  cfedil  Iuj  '  courage  in  taking  the  initiative  in  boldly  adoptiilg 
the  msaciimw  ^  *»owed  by  the  Board  of  Trade,  and  in  facing 
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not  only  such  technical  difficulties  as  existed  but  also  the  uncertainties 
involved  in  his  interpretation  of  an  ambiguous  clause  in  the  Board  of 
Trade  Regulations.  That  Mr.  Chamen's  rendering  of  the  clause  was 
the  common-sense  one  the  speaker  had  no  doubt,  and  he  was  glad  to 
hear  that  Lord  Kelvin  gave  the  weight  of  his  authority  in  support  of 
this  interpretation.  ' ' 

Bailie  Maclay  had  referred  to  the  Corporation's  good  fortune  in 
having  the  professional  advice  of  Lord  Kelvin  at  the  critical  time  when 
the  electric  lighting  undertaking  was  absorbed,  and  especially  to  the 
advice  which  led  to  the  adoption  of  the  low-tension  system.  Although 
it  was  now  ancient  history,  the  speaker  reminded  Lord,  Kelvin  that 
Messrs.  Muir,  Mavor  &  Coulson  also  had  the  privilege  of  his  advice 
and  were  in  a  position,  with  his  Lordship's  support,  to  inform  the 
Corporation  that  whatever  might  be  the  best  course  for  them  to  follow, 
the  high-tension  alternating  system  of  distribution  was  the  only  com- 
mercially possible  one  by  which  the  pioneer  wofk  could  have  been 
carried  out,  and  it  was  therefore  the  right  one  for  Muir,  Mavor  & 
Coolson  to  adopt.  In  valuing  the  high-tension  plant,  however,  the 
Corporation  omitted  to  value  the  business  it  had  made ;  but  the  value 
of  the  business  they  then  took  over  has  since  dawned  upon  them. 

Professor  M.  Maclean  gave  two  tables  showing  the  pressure  of 
supply  in  90  low-tension  stations  and  in  75  high-pressure  stations  in 
this  country.  Of  90  low-pressure  continuous-current  stations  he  found 
that  there  were — 
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namely — (a)    Glasgow,    (6) 
Greenock,  and  (c)  Govan. 


but  of  75  high-pressure  alternating  current  stations  there  were — 
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(Bristol). 
Mr.  James  Coats  {communicated) :  With  reference  to  the  number  of  M 
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Mr.  Coats,  elcctric  supply  companies  using  high-voltage  continuous  current,  Dr. 
Magnus  Maclean  mentioned  there  were  only  three  of  250  volts, 
viz.,  Glasgow,  Govan  and  Greenock.  I  may  mention,  however,  that  the 
Scottish  Co-operative  Wholesale  Society,  Limited,  of  Glasgow  (while 
not  a  public  supply  company,  yet  having  a  larger  output  than  many 
public  companies),  were  among  the  first  in  Scotland  to  adopt  the  higher 
pressures.  It  is  now  about  five  years  since  I  observed  the  St.  Pancras 
Vestry  had  raised  their  voltage  to  220 — Glasgow  at  that  time  being  100 
volts.  About  that  time  I  laid  down  a  fair-sized  lighting  installation  at 
a  pressure  of  220  volts,  which  has  now  been  working  for  four  years 
without  having  to  renew  a  switch.  Two  years  ago  a  larger  installation 
was  required  for  lighting  and  transmission  of  power  in  connection  with 
six  large  factories,  having  over  30  motors  ranging  from  J  H.P.  to 
to  20  H.P.  I  decided  to  follow  on  the  lines  of  Mr.  Chamen,  and  the 
plant  accordingly  was  laid  down  for  250  volts.  This  has  now  been 
running  for  sixteen  months  amongst  all  classes  of  workpeople,  male 
and  female,  and  so  far  everj'thing  has  been  very  satisfactory.  Apart 
from  the  considerable  saving  in  the  cables  my  main  object  in  going  up 
to  this  voltage  was  to  be  in  keeping  with  the  Glasgow  Corporation 
supply,  so  that  there  should  be  no  difficulty  in  changing  over  at  any 
time  that  the  Corporation  were  able  to  supply  the  current  cheaper 
than  we  could  produce  it.  It  seems  to  me  it  is  most  absurd  for  the 
Board  of  Trade  to  issue  vague  regulations,  which  apparently  can  only 
be  read  by  lawyers. 

Mr.  Mr.  William  McWhirteh  (communicaied) :  I  must  first  of  all  con- 

gratulate  the  Glasgow  Local  Section  on  having  a  paper  brought  before 
them  dealing  so  admirably  with  electricity  supply  so  far  as  Glasgow  is 
concerned.  With  the  arguments  put  forward  by  Mr.  Chamen  in 
favour  of  low-tension  continuous  current,  as  against  alternating  high 
tension,  in  compact  areas  I  think  every  one  must  agree,  it  is  surprising, 
in  face  of  all  the  experience  gained  with  low-tension  working,  that  even 
now  engineers  are  to  be  found  who  have  the  courage  to  advise  the 
adoption  of  alternating  currents  in  such  areas. 

No  fault  can  be  found  with  Mr.  Chamen's  decision  to  adopt  the  full 
pressure  allowed  by  the  Hoard  of  Trade,  and  in  my  opinion  it  is  a 
grievous  mistake  that  the  Board  of  Trade  should  now  step  in  to  make 
an  alteration  of  only  a  few  volts,  which,  however,  are  sufficient  to  inter- 
fere with  what  was  most  likely  in  the  future  to  be  a  universal  standard 
of  pressure,  viz.,  500  volts  on  a  three- wire  system.  Surely  the  time  is 
come  when  the  electrical  trades  should  take  up  a  position  and  bring 
pressure  to  bear  upon  the  Board  of  Trade  in  such  a  way  that  so 
unreasonable  a  proposal  as  this  alteration  should  not  take  effect. 
Other  trades  and  industries  have  had  before  now  to  bring  such 
pressure  to  bear  upon  a  Government  department,  and  surely  now  is  the 
lime  for  the  electrical  industry  to  be  up  and  doing.  Supposing  the 
Board  of  Trade  argument  to  be  that  50 j  volts  flus  the  drop  in 
tlie  feeders  is  dangerous,  then  surely  one  and  all  will  admit  that  500 
volts  cannot  be  safe.  That  being  so,  it  is  much  the  same  as  allowing 
an  alternating-current  supply  at  1,000  volts,  but  refusing  to  pass  it  at 
10,000  volts.     Mr.  C^  very  clever  argument  in  favour  of 
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the  increased  pressure  when  he  defines  "who  are  the  Corporation."    Mr. 

There  is  no  doubt  whatever  that  with  all  deference  to  such  an  authority      ^Whirter. 

the  pressure  of  250  volts  is  not  so  convenient  for  the  user  as  a  rule,  but 

at  the  same  time  there  is  every   prospect   that  this  will   Kc  only  a 

temporary  objection,  as  no  doubt  very  shortly  lamps  will  be  found 

(especially  arc  lamps)  which  will  work  as  well,  and  as  economically,  on 

the  higher  pressure  as  they  have  hitherto  on  the  lower.     Failing  this 

there   is   no  reason   why  the  reduced  price  of  electricity  when  used 

in  motors  should  not  be  utilised  in  many  instances  for  driving  small 

motor  generators,  and  so  getting  the  pressure  that  may  be  found  most 

convenient. 

In  conclusion  I  have  to  join  in  thanking  Mr.  Chamen  most  heartily 
for  the  splendid  paper  he  has  brought  before  the  meeting. 

Mr.  W.  A.  Ch.vmen,  in  reply  to  the  discussion,  said  that  the  only  Mr.Chamen. 
difficulty  in  making  a  change  of  pressure  lay  in  the  consumers'  installa- 
tions. Even  if  incandescent  lamps  were  a  little  less  efficient  at  the 
higher  voltage,  that  had  been  taken  into  account  by  Mr.  Addenbroke  in 
the  paper  referred  to,  and  there  was  still  a  considerable  balance  in 
favour  of  the  high  pressure  as  regarded  cost  of  lighting,  because  the 
price  of  current  could  be  so  much  reduced. 

Experience  had  not  shown  that  there  was  any  greater  risk  of  fire 
with  250  volts  than  with  100  volts.  What  had  certainly  given  him  some 
trouble  with  bad  installations  (often  new  ones)  was  the  fact  that  the 
middle  wire  of  the  250-volt  system  was  earthed. 

This  caused  small  outbreaks  of  fire  sometimes  by  fusing  compo  gas- 
pipes  and  setting  the  gas  on  fire. 

The  risk  of  accident  by  shock  was  nothing,  but  it  had  often  struck 
him  as  strange  that  while  the  Board  of  Trade  were  so  anxious  lest  the 
public  should  get  shocks  they  seemed  perfectly  indifferent  about  the 
risk  of  burning  people  alive  in  their  own  houses.  That  question 
appeared  to  be  the  business  of  some  one  else. 

As  regarded  the  question  why  250  volts  should  be  maintained  as 
against  240,  which  the  Board  of  Trade  were  prepared  to  sanction,  it 
must  be  remembered  that  at  the  time  250  volts  was  made  use  of  in 
Glasgow  there  was  nothing  above  230  in  use  elsewhere.  Two  hundred 
and  forty  volts  had  not  been  suggested  by  any  one,  and  the  Board  of 
Trade  had  deliberately  made  that  fresh  standard  after  Glasgow  had 
already  started  and  succeeded  with  a  2So-volt  supply. 

In  answer  to  I>ord  Kelvin's  questions  it  was  generally  found  that  the 
lamp-holders  and  switches  were  quite  good  for  use  with  the  increased 
pressure  on  installations  which  had  been  put  in  during  the  last  four  or 
five  years. 

There  were,  however,  some  lamp-holders  of  ancient  date  still  found 
in  use  occasionally,  and  also  some  open  switches  without  covers,  which 
had  to  be  replaced.  Generally  speaking  any  good  make  of  switch  with 
a  quick  break  would  work  quite  well  under  the  increased  pressure  so 
long  as  there  waar  no  increase  made  in  the  number  of  lamps  controlled 
by  it. 

Dynamos  constructed  to  run  at  220  volts  could  quite  well  be  run  up 
to  250  volts  as  a  rule,  but  the  difticulty  arose  not  so  much  with  the 
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Mr.  chamcn    dynamos  as  with  the  engines  which  might  not  so  well  stand  the  extra 
speed. 

He  was  sorry  that  Mr.  lonides  had  been  alone  in  the  defence  of 
multiphase  current  supplies,  and  thought  he  ought  to  have  been  better 
supportecj.  No  doubt  multiphase  current  could  be  utilised  for  driving 
variable  speed  motors  to  some  extent,  and  also  for  electric  furnaces,  but 
there  did  not  appear  to  be  any  particular  advantage  in  the  use  of  it, 
even  for  these  purposes,  and  it  must  be  remembered  that  the  main 
question  now  under  consideration  was  the  general  supply  qf  electricity 
for  lighting  firstly,  and  then  for  any  other  purposes  which  might  be 
made  to  fit  in. 

With  regard  to  the  question  of  costs  it  must  be  remembered  that  no 
fine  economy  had  been  possible  in  Glasgow  for  some  time  past,  where 
the  supply  had  to  be  carried  on  under  conditions  of  great  difficulty  in 
works  under  construction. 
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The  Three  Hundred  and  Fifty-Second  Ordinary  General 
Meeting  of  the  Institution  was  held  at  the  Institu- 
tion  of  Mechanical  Engineers,  Storey's  Gate,  West- 
minster, on  Thursday  evening,  November  29th,  1900 
— Professor  John  Perry,  F.R.S.,  President,  in  the 
Chair. 

The  minutes  of  the  Ordinary  General  Meeting  held  on 
November  22nd,  1900,  were  read  and  confirmed. 

The  names  of  new  candidates  for  election  into  the 
Institution  were  announced,  and  it  was  ordered  that  these 
names  should  be  suspended. 

The  following  transfers  were  announced  as  having  been 
approved  by  the  Council : — 

From    the    class    of    Associates    to  thit  of    Associate 

Members — 

Thomas  Ernest  Herbert. 

From  the  class  of  Students  to  that  of  Associates — 

John  Frank  Auguste  Margetts. 

Messrs.  J.  H.  Johnson  and  S.  J.  Clay  were  appointed 
scrutineers  of  the  ballot  for  the  election  of  new  members. 

A  donation  to  the  Library  was  announced  as  having 
been  received  since  the  last  meeting  from  Soci6t6  Anonyme 
John  Cockerill,  and  to  the  Building  Fund  from  Mr.  James 
Kynoch,  to  whom  the  thanks  of  the  meeting  were  duly 
accorded. 

The  President  :  I  have  to  announce  that  on  the  i8th  of 
December  a  Reception  will  be  held  at  the  Covent  Garden 
Opera  House,  which  has  been  most  kindly  lent  for  the 

VOL.  XX3C.  9 
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purpose  by  the  Managers,  Mr.  Rendle  and  Mr.  Forsyth. 
The  Institution  will  then,  assisted  by  the  Corps  of  Electri- 
cal Engineers,  Royal  Engineers,  Volunteers,  receive  the 
Active  Service  Contingent  of  that  Corps  on  its  return  from 
South  Africa.  The  i8th  of  December  has  been  chosen 
because,  although  the  return  of  the  South  African  Detach- 
ment is,  I  believe,  announced  for  the  8th  or  9th  of  that 
month,  there  are  delays  in  ships,  and  we  felt  it  was  well 
to  have  a  safe  date.  Notices  will  be  sent  to  members  in 
the  ordinary  course. 

I  will  now  ask  Mr.  Langdon,  Vice-President,  to  read  his 
paper. 

-->y  ON  THE  SUPERSESSION  OF  THE  STEAM  BY 

THE  ELECTRIC  LOCOMOTIVE. 

By  W.  Langdon,  Vice-President. 

Probably  one  of  the  most  interesting  questions  associated 
with  the  application  of  electrical  energy  to  railway  work  is 
its  eventual  supersession  of  the  steam  locomotive.  Electric 
locomotives  of  a  capacity  equal  to  that  of  the  steam  loco- 
motive, doing  similar  work,  and  possessing  certain  marked 
advantages,  are  an  accomplished  fact,  and  to  many  it  may 
seem  that  the  days  of  the  steam  locomotive  are  numbered. 
We  must  not,  however,  forget  that  that  which  has  been  done 
has  its  raison  d'itre.  Its  employment  has  hitherto  been  gene- 
rally confined  to  localities  where  the  effects  of  steam  and  smoke 
would  exercise  a  baneful  influence.  Because  it  has  been  so 
employed,  and  its  employment  has  been  attended  with  such 
marked  success,  it  does  not  follow,  however  much  it  may 
appear  desirable,  that  in  overland  lines  of  railway  electricity 
will  in  future  prove  to  be  the  element  of  power.  Railways 
are  commercial  undertakings,  in  which  vast  sums  of  money 
have  been  embarked,  all  of  which,  investors  expect,  will 
produce  a  certain  annual  return.  The  supersession  of  the 
steam  by  the  electric  locomotive  thus  resolves  itself, 
primarily,  into  one  of  profit  and  loss.  If  its  adoption 
will  enable  railways  to  be  worked  more  economically  than 
is  the  case  under  steam,  then  it  will,  with  its  attendant 
advantages,  sooner  or  later,  be  adopted — if  not  by  the 
whole,  certainly  by  the  greater  portion  of  the  railways  of 
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this  country ;  but,  whatever  the  ulterior  advantages  may  be, 
unattended  by  this  result,  its  adoption  will  remain  doubtful. 

The  first  question  to  be  asked  is  :  Are  we  in  a  position 
to  consider  the  subject  ?  Is  the  data  at  our  disposal  such 
as  to  admit  of  a  reasonable  treatment  of  it  ?  The  primary 
factors  are  well  known.  We  know  how  many  pounds  of 
steam  we  can  obtain  from  a  given  quantity  of  coal.  The 
efficiencies  of  prime  movers  and  electrical  generators, 
the  loss  in  transmission,  transformation,  and  distribution 
are  all  determinable.  Any  advantages  yet  to  come  must 
be  looked  for  in  the  steam  generator  and  in  the  simpli- 
fication and  consequent  ultimate  increase  of  efficiency 
in  the  electrical  apparatus.  In  each,  no  doubt,  the  future 
will  see  production  cheapened.  Labour  may  advance,  but 
competition  will  grow,  and  in  the  price  of  the  manufactured 
article  we  may  reasonably  look  to  the  future  to  produce 
some  advantage. 

Having  then  the  material  at  hand,  it  is  reasonable  to 
conclude  that  the  consideration  of  the  subject  can  only  be 
attended  with  good  ;  for,  if  it  should  be  shown  that  advan- 
tage is  to  be  anticipated  from  such  a  change,  it  will  help  us 
to  grasp  that  which  has  to  be  attempted,  and  perhaps  to 
evolve  from  the  data  at  our  disposal  the  course  most  desir- 
able to  follow. 

The  railways  of  the  United  Kingdom  comprised  on  the 
31st  of  December,  1899,*  the  following  mileage  of  line  : — 

Double  Line  or  more ii>977 

Single  Line         9;723 

Total  mileage      21,700 

The  number  of  locomotives  employed  for  working  these 
railways  was  20,461.  The  total  number  of  vehicles  of  all 
descriptions  was  rendered  as  752,930.  The  year's  cost  for 
locomotive  power,  including  stationary  engines,  was 
£16,491,377.  The  number  of  miles  travelled  by  trains 
was  396,241,265.  Number  of  passengers — exclusive  of 
season  tickets — 1,106,691,991.  The  tonnage  of  minerals, 
296,611,190;  and  of  general  merchandise,  117,011,835. 

In   dealing  with    a  question   of  this  nature  it    seems 

■  Board  of  Trade  Railway  Returns,  1899, 
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desirable  to  produce  these  figures;  but  they  are,  in  fact, 
except  to  afford  some  idea  of  the  magnitude  of  the  subject, 
of  very  little  use.  The  length  of  the  passenger  journeys  is 
not  stated,  nor  are  the  journeys  taken  by  season  ticket  holders 
included.  To  be  of  value  the  per  passenger  mileage,  includ- 
ing of  course  the  journeys  made  by  season  ticket  holders, 
should  be  given.  The  same  objection  applies  to  the 
mineral  and  goods  tonnage  statement.  It  records  the 
tonnage  declared  as  placed  upon  the  railway,  but  whether 
it  is  carried  one  mile  or  one  hundred  miles  is  not  shown. 
In  fact  the  returns,  as  rendered,  aid  the  consideration  of  the 
subject  very  little ;  and  1  am  sorry  to  say  the  information  in 
the  hands  of  the  railway  companies  themselves  carries  us  no 
further. 

Under  these  circumstances,  the  establishment  of  a 
common  basis  upon  which  lo  consider  the  relative  cost 
presents  much  difficulty.  The  orily  manner  in  which  it  can 
be  approached  is  by  averaging  the  data  obtainable,  or  by 
examining  the  work  of  a  particular  section  of  tine. 

In  Table  1.,  I  furnish  extracts  from  the  Board  of  Trade 
Returns  for  the  year  1899,  showing  the  mileage  of  line,  cost 
of  locomotive  power,  train  mileage  worked,  &c.,  for  England 
and  Wales,  Scotland  and  Ireland,  together  with  certain 
deductions  therefrom  applicable  to  these  results  ;  as  also 
similar  data  in  reference  to  six  of  the  most  important 
English  companies. 

In  considering  the  mileage  of  line  quoted,  it  should  be 
metioned  that  the  figures  do  not  disclose  the  mileage  of 
roads.  Over  many  sections  of  the  several  lines  of  railway 
there  are  more  than  two  roads.  Most  main  routes  working 
out  of  London  possess  four,  and  even  six  roads,  for  a  con- 
siderable distance  ;  and  the  same  applies  to  other  busy 
portions  of  the  chief  railway  systems. 

The  table  indicated  shows  that  the  cost  of  locomotive 
Kingdom,  including  stationary  engines 
r  purposes,  works  out  at  9-988  pence  per 
cost  for  England  and  Wales  is  io'253  ; 
nd  for  Ireland  8'io4  pence.  And  that 
I  the  several  companies  quoted  as 
and  North- Western,  9-477  pence  ; 
'estern,  9-844  ;  Great  Northern,  9-892  ; 
:  Midland,  10-218  ;  and  North-Eastern, 
cost  being  10-267, 
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Column  /  indicates  the  number  of  trains,  per  mile  per 
hour,  based  upon  the  mileage  of  line  of  railw-ay  shown  by 
the  returns.  Bearing  in  mind  that  there  are,  over  many 
portions  of  the  railways  indicated,  several  lines,  or  roads,  the 
number  of  trains  travelling  per  mile  per  hour  is,  perhaps, 
surprisingly  small.  Ireland  claims  but  0-615  i  Scotland, 
1-609  ;  England  and  Wales,  2*505.  Of  the  railways 
individualised,  the  Great  Western  has  an  average  of  but 
2  ;  the  London  and  South-Western  and  the  North- 
Eastern  each  2-2  ;  London  and  North-Western,  2'9  ;  Great 
Northern,  3*3  ;  and  the  Midland,  37  (that  is,  the  Midland, 
for  instance,  has,  on  an  average,  37  trains  passing  over  each 
mileofline  of  railway,  each  hour  ;  not  that  the  mile  of  line  is 
occupied  by  these  37  trains  during  the  entire  hour,  but 
that  that  is  the  average  number  of  trains  worked  over  the 
mile  of  line  of  railway — quite  irrespective  of  the  number  of 
lines  of  rails — within  that  period  of  time). 

If  trains  were,  in  practice,  so  distributed,  this  might  form 
a  basis  on  which  to  found  a  comparison  of  cost  for  the 
entire  railway  system  ;  but  we  know  that  this  is  not  so — that 
trains  are  much  more  frequent  on  certain  portions  and  less 
frequent  on  other  portions  of  the  lines  of  railway,  and 
although  it  is  a  kind  of  basis,  affording  some  very  interesting 
figures,  it  is  not,  as  it  stands,  a  practical  one  for  the  purpose 
in  view.  To  effect  this  it  is  necessary  to  consider  the  work 
of  an  individual  section  of  some  line  of  railway  ;  and  with 
this  view  I  have  taken  that  portion  of  the  Midland  Com- 
pany's main  line  between  London  (St.  Pancras)  and  Bedford 
— omitting  the  suburban  and  local  traffic  applicable  to  the 
Metropolitan  and  Tottenham  fines. 

The  length  of  line  of  railway  is  49-5  miles — practically 

50  miles  ;  and  the  number  of  lines  of  rails  applicable  to  the 

traffic  under  consideration  may  be  taken  as  four^t  is  not 

less.     In  order  to  ascertain  the  number  and  character  of 

trains  to  be  taken  into  consideration,  I  have  obtained  returns 

(Tables   II.  and  111.)  extracted  from  the  Block  Book,  of 

those  trains  passing  two  points — Luton  and  Harpenden — 

each  hour,  during  a  day  of  twenty-four  hours  in  the  month  of 

ich  1  have  summarised  and  classified  so  as  to 

ject  within  reasonable  scope.     These  details 

ward  to  Table  IV.,  which  forms  the  basis  of 
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calculation  for  comparison  of  cost  for  power  to  work  the 
traffic  indicated. 

Table  II. 


LUTON. 

statement  of  the  Number  of  Trains  recorded  in  the  Block  Book  for  the  24 
hours  ending  midnight  on  Thursday,  July  19,  1900. 
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■  •  • 
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36 

Coaches 
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19 
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»» 
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Table  III. 

HARPENDEN. 

Statement  of  the  Number  of  Trains  recorded  in  the  Block  Book  for  the  24 
hours  ending  midnight  on  Thursday,  July  19,  1900. 
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The  classification  adopted  is  necessarily  somewhat  arbi- 
trary, but  in  its  construction  I  have  endeavoured  to  err  on 


.f   SZAL»AHS 


have  debited  each  train  of  its 
eas  some  would  certainly  be 
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light  trains.  Again  I  have,  I  believe,  accorded  to  each  their 
full  merit  of  speed,  although  there  is  reason  to  assume  that, 
in  many  instances,  certain  goods  and  minerals  would  not 
observe  that  allotted  to  them.  From  this  table  we  get  the 
tractive  effort  per  train,  and  the  consequent  mechanical  and 
electrical  power  required  to  deal  with  one  hoit/s  work. 
The  work  may,  and  of  course  does,  vary  from  one  hour  to 
another;  indeed,  that  is  clearly  shown  by  Tables  II.  and 
III.;  for  instance,  the  trains  passing  Harpenden  vary  per 
hour  from  7  to  16,  and  Luton  from  7  to  19,  but  the  section 
of  line  chosen  may  be  regarded  as  a  full  line,  a  line  well 
occupied  by  trains  both  night  and  day,  Sundays  and  week- 
days. The  returns  show  an  average  of  11 '9  trains  passing 
Luton  and  of  12*4  passing  Harpenden,  per  hour.  In 
taking  an  average,  however,  I  have  apportioned  no  less 
than  14  trains  to  the  hour.  This  number  divided  between 
the  four  lines  of  metals  gives  a  result  of  3*5  trains  per  mile 
per  hour,  per  line  of  metals.  It  may  here,  however,  be  as 
well  to  point  out' that,  so  long  as  the  appropriated  number 
of  trains  is  fairly  that  in  practice,  the  number  applied  is,  for 
comparison  purposes,  immaterial,  for  the  comparison  I  draw 
is  based  upon  the  train  mileage  cost. 

Fig.  I  illustrates  the  section  of  line  under  consideration. 
The  position  of  engine-sheds  is  shown  by  stars  (*) ;  of 
water-cranes  by  dots  (•).  The  short  or  suburban  traffic 
between  St.  Pancras  and  Hendon,  and  the  Tottenham  line, 
&c.,  is  not  included  in  my  schedules,  for  the  reason  that, 
viewing  the  section  of  line  as  if  actually  subject  to  elec- 
trical working,  there  would  be  little  doubt  that  this  imme- 
diate London-Suburban  traffic  would  demand  a  generating 
station  nearer  home  than  that  indicated  in  the  scheme  I  have 
adopted  as  my  basis  for  the  comparison  of  costs  for  work- 
ing a  50-mile  section  of  line. 

The  Plant  scheme  is  roughly  outlined  in  Fig.  2.  Midway 
in  the  50  miles  of  railway  is  the  central  station,  containing 
four  2,500  kilowatt,  three-phase,  or  other  characteristic, 
10,000  volt  generators.  At  this  pressure  current  is  distri- 
buted to  substations,  each  serving  10  miles  of  railway, 
where  the  potential  is  converted  to  600,  from  whence  it 
is  carried  to  the  contact-rail.  Or  the  centre  lo-mile  section 
may  be  provided  for  by  direct-current  generators  served 
f r  om  the  same  steam  plant. 
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FiG:  JZ. 


GeNERATtNQ 

Station 


^  Sub  .  STArto/sf 


i 


SUB,dTAr/ON 


O      C£MTt9AL 


^  Sum- STATION 


5  Svm^STATiON 


The  efficiencies  of   the  various  parts  are  assumed  as 
follows : — 


Loss. 

Efficienc 

Per  cent. 

Motors     

15 

...     -85 

Ohmic  loss  in  rails 

10 

'90 

Leakage   

2i 

•975 

Rotary  converters 

10 

•90 

Static  transformers 

7 

•93 

^  T.  transmission 

10 

'90 
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The  total  kilowatts  required  on  the  train-wheels  (Table 
IV.)  is  2,905  per  hour,  and  the  number   of  trains  is  14. 

Therefore   ( -^^)  207-5  will  be  the  average  kilowatts  per 

train  hour ;  and,  assuming  the  efficiency  of  the  motors  at 

85  per  cent.,  I  -7^]  244  kilowatts  will  be  the  average  power 

required  to  be  supplied  to  each  train.  If  now  we  allow 
10  per  cent,  loss  in  the  rails  which  supply  and  return  the 
current,  a  pressure  of  540  only  will  be  available  at  either 
end  of  a  section  of  10  miles.    Therefore  the  amperes  per 

train  that  will  be  required  will  be  ^^44  x  i>ooo\  ^^^ 

As  there  are  14  trains  per  hour  in  the  total  50  miles 
section,  there  will  be  —  =  2*8,  say  3  trains  in  one  section 
of  10  miles  to  be  supplied  by  one  substation. 

452  X  3  =  1,356  amperes. 

Adding  2J  per  cent,  for  leakage,  we  have  1,390  amperes  as 
the  current  to  be  supplied  by  each  substation  at  600  volts. 
The  efficiency  of  the  converters  and  static  transformers 
is  taken  at,  respectively,  90  per  cent,  and  93  per  cent.,  and 
the  three-phase  transmission  at  90  per  cent. 

.  • .  ^^^- =  1,107  k.w.  to  be  delivered  to  the 

1,000  X  "9  X  '93  X  '9       '     ' 

trains  for  each  section  containing  3  trains. 

As  there  are  14  trains,  there  will  be  4  sections  with  3  each, 

and  I  section  with  2  trains. 

Now  the  4  sections  with  3  trains  each  would  require — 

1,107  X  4  =  4,428  kilowatts. 

To  allow  for  the  maximum  loss  let  it  be  assumed  that 
the  centre  lo-mile  section,  which  as  previously  indicated 
might  be  supplied  direct  at  600  volts,  is  so  dealt  with,  and 
that  it  is  the  section  that  has  two  trains  only. 

The  kilowatts  required  would  equal — 

^'390  X  600  ^  2  ^     6  kilowatts. 
1,000  3      •^•^ 
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Therefore  the  total  kilowatts  to  be  generated  would  be — 
(4^28  +  556)  =  4,984,  say  5,000, 

and  the  combined  efficiency  (-'^-)  would  be  58-3  per  cent. 
V4,9»4/ 

This  5,000  kilowatts  is  the  power  required  to  be  generated 
to  work  the  14  trains  travelling  479  miles  during  the  hour, 
as  shown  in  Table  IV.,  and  upon  it  all  comparative  calcu- 
lations and  deductions  have  to  be  based. 

The  demand  may,  of  course,  go  beyond  this,  or  it  may 
be  less,  but  so  long  as  the  generating  power,  and  that  of  the 
corresponding  parts,  is  there  to  meet  it,  that  branch  of  the 
question  may  be  disregarded.  As  I  have  previously  stated, 
the  comparison  is  made  t>etween  the  ascertained  quantities 
travelling  a  stated  mileage  at  a  stated  speed.  If  the  mileage 
were  greater,  or  the  numtxr  of  trains  greater,  the  comparison 
would  be  equally  applicable.  It  is,  in  respect  of  the  mileage 
result,  immaterial,  so  long  as  we  apply  it  to  a  fairly  repre- 
sentative condition.  The  speed  and  the  train  load  indicated 
in  Table  IV.  will,  I  believe,  bearing  in  mind  that  the  numt)er 
of  trains  are  regarded  as  all  carrying  the  full  load  indicated, 
be  found  to  conform  to  this, 

A  generating  plant  capable  of  an  output  of  10,000  kilo- 
watts is,  of  course,  ample  to  provide  for  a  calculated  demand 
of  just  half  that  amount.  I  adopt  the  following  estimate  as 
applicable  to  the  prime  cost  : — 

Generating  Station. 

Buildings,  foundations,  chimney  stacks, 
S"= iSo.ooo 

Equipment,  including  steam  units, 
boilers,  coal  conveyers,  steam  mains, 
1 ,. o._  200,000 

;£2  50,000 


ations. 


10,000 


insformers, 
g  at  600 
ings         . . .        70,000 


-;£8o,ooo 
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Cables,  including  laying ^^70,000 

Contact  rail — 200  miles  (i.e.,  4  roads  of 

50  miles  each) 70,000 

140,000 

Total  capital  outlay  for  generation  and  distri- 


bution of  current  ;^47o,ooo 

The  figures  comprised  within  the  two  first  items  are 
practically  those  given  by  Mr.  Parshall  with  reference  to  a 
somewhat  similar  plant,  with  the  exception  that  the  amounts 
have  been  increased  to  the  extent  of  ;^i 5,000  for  the  gene- 
rating station  equipment,  consequent  upon  the  adoption 
of  a  higher  voltage  ;  and  ;^io,ooo  for  generating  station 
buildings  to  meet  any  advance  of  prices.  ;^io,ooo  has  also 
been  added  for  independent  transformer  buildings.  The 
cost  of  cables,  including  laying  in  position,  is  based  upon 
the  current  demand  and  mileage. 

The  hourly  demand  has  been  shown  to  be  5,000  kilo- 
watts. The  annual  output  .-for  the  section  of  line  under 
consideration  will  therefore  b'e  this  ainount  multiplied  by 
the  twenty-four  hours  per  day,  and  365  days  to  the  year, 
viz.,  43,800,000  kilowatt  hours. 

On  this  basis  I  estimate  the  annual  cost  for  generation 
and  distribution  of  current  as  shown  in  the  annual  column 
of  the  following  table,  from  which,  by  dividing  the  sums 
there  shown  by  the  annual  kilowatt  output,  I  obtain  the  per 
kilowatt-hour  charge. 

To  the  foregoing  we  have  to  add  the  cost  for  drivers  and 
assistants  in  attendance  upon  the  electric  locomotives — per- 
forming practically  the  same  duties  as  the  driver  and  firemen 
in  attendance  upon  the  steam  locomotive ;  together  with  that 
for  repair  and  renewal  of  all  machinery,  including  the 
locomotives. 

In  bis  presidential  address  to  the  members  of  the  Institute 
of  Mechanical  Engineers  in  1898,  Mr.  S.  W.  Johnson,  the 
Locomotive  Engineer  for  the  Midland  Railway,  furnished 
valuable  data  in  relation  to  the  cost  of  moving  railway  trains. 
From  this  data  I,  by  his  courtesy,  am  enabled  to  furnish  the 
details  shown  on  Table  VL 
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Table  V. 

ESTIMATED  COST  OF  GENERATION  AND  DISTRIBUTION  OF 

CURRENT. 

[Output,  43,800,000  kilowatt  hours.] 


Details  of  Charges. 


500 
250 

450 
120 

728 

637 
936 
858 


3- 


Capital  outlay,  ^470,000. 

Interest  at  3}  per  cent 

Generating  Station. 

Salaries  and  Wages  : — 

I  Chief  Engineer       

1  Assistant  ditto         

3  Switchroom  attendants,  at 

j^iSoeach    

■I  wicric  •••         ,,,         ,,,         ,,, 
7  Engine-room  attendants,  at 

40s.  each  per  week 

7  Assistant  ditto,  at  35s.  each 

per  week      

12  Stokers,  at  30s.  each  per 

^N CCK    •••  ■*(  a,«  ,,, 

15    Labourers  and  Cleaners, 
at  22s.  each  per  week 

Coal. 

At  30  lbs.  of  coal  per  kilowatt  hour  —  ] 
58660  tons,  at  7s.  iijd.  per  ton      ...  / 

Water. 

At  25  lbs.  per  kilowatt  hour,  and  2d.  ) 
per  1,000  gallons         j 

Sttbstations  (5). 

Salaries  and  Wages  : —  £ 

5  Assistant  Engineers,  at  ;f  200 
eacn    •<<        ...         ...        ...  1,000 

20  Attendants,  at  408.  each  per 

iVCCK   ...  ...  ...  ...  2,OoO 

20  Assistant  ditto,  at  35s.  each 

per  week    1,820 

10  Cleaners,  at  22s.  each  per 

WCCK     ...  ...  ...  ...        572 


Per  Annum. 


16,450 


4.  Outdoor  Service. 

5  RaiHointers  and  Fitters  at  40s.     ' 

each  per  week 520 

Material,  &c 230 

5.  Oil,  Waste,  and  Sundries 

Total  estimated  cost  of  Generation  and 
Distribution  of  Current 


4479 
23,345 


913 


28,737 


5i472 


Per  Kilowatt 

hour. 

Pence. 


00901 


00245 

01 279 


0*0050 


01574 


0*0299 


0*0041 
0*0109 


!*••*-• 


Ot- arc.  >i:r2>    ..  _         -  -  «^*x-r  r  =^^ 


^* 


~        "t 


Tnmtahiirs  anrf  BtTrrrT.gr       —  —  -*:  ^w; 


GnsM  Ei-pCT*if.:->c       .  _  .  * :  jil:  Sx-  ^n^; 


Tons  otf  Coal  aad  Ccte  o:c£S=3cii  _        T^^JSV^ 

Cost  per  Too  —        —        75;^  uJ<U 

Train  MOeage         5J^$5^^^> 


This  table  shows  that  the  average  cost  for  t\\Tnty«tv>ut 
years,  for  drivers  and  firemen  was  ^"358,635,  or  ^^650  pciKT 
per  train  mile  ;  and  that  for  repairs  and  rene\N*als,  ^'357»4(H>» 
or  2*641  pence  per  train  mile. 

To  arrive  at  the  cost  for  drivers  and  attendants  fi>r  thr 
electrical  locomotive,  I  might  revert  to  Table  IV.  and  dcdiUT 
from  it,  at  a  given  rate  of  wage  per  hour,  for  the  number  of 
trains  occupying  the  line  for  that  period,  the  kilowatt-hom 
cost,  but  this,  it  appears  to  me,  would  not  bo  quite  riyht. 
There  can  be  no  question  that  the  cost  incurred  by  the 
locomotive  department  is  extremely   heavy,'   l)ut   it    \n   n 

'  Assuming  the  weekly  wage  of  driver  and  fireman  to  umfMinl  lo  iiIimIv 
shillings,  pro£ibly  an  excessive  sum,  it  would  seem  that  thv  wt'fkly  nillt'Miie 
travelled  would  be  tmt  407.  If  the  wage  were  seventy  Nlilllhi|j«,  llic  iMllt'ifji/i- 
would  be  but  317. 
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charge  incumbent  upon  the  working  of  the  traffic,  and 
whatever  are  the  conditions  which  militate  against  a  reduc- 
tion in  this  charge  with  the  locomotive  department, 
presumably  they  would  hold  good  against  the  electric  unless 
the  traffic  could,  under  the  latter,  be  so  facilitated  as  to 
enable  it  to  be  got  through  with  greater  speed,  and  less 
shunting.  It  is  not  clear  this  could  be  done.  I  am  there- 
fore, very  reluctantly  I  must  admit,  obliged  to  adopt  the 
extremely  heavy  cost  incurred  by  the  steam  locomotive,  for 
there  would  be  very  little,  if  Sruy,  difference  in  the  rate  of 
pay  to  the  respective  class  of  men. 

The  repair  ancj  renewal  of  electrical  machinery,  whether 
in  relation  to  the  generating  or  the  locomotive  plant,  should 
be  considerably  less  than  that  of  the  steam  locomotive  plant, 
for  the  reason  that  there  will  be  extremely  few  moving  parts, 
while  many  small  units,  used  for  pumping  and  other  like 
purposes,  would  be  provided  for  from  the  central  generating 
station  at  a  less  cost,  or  entirely  abolished. 

The  train  mileage  (Table  IV.),  run  by  the  fourteen  trains 
during  one  hour,  is  479.  Assuming  that  the  cost  attending 
the  repair  and  renewal  of  the  electrical  machinery  will  be 
2d.  per  train  mile,  as  against  that  for  the  steam  locomotive 
power  and  works,  viz.,  2-641,  we  shall  have  a  result  of  o'i9i6 
pence  per  kilowatt  hour. 

There  is  yet  one  more  addition  to  make.  The  cables  and 
contact-rail  are  peculiar  to  the  electrical  system.  I  do  not 
include  them  in  the  above  2d.  per  train  mile  for  repair  and 
renewal  of  machinery.  Having  regard  to  the  value  of  the 
recovered  material,  I  assume  2J  per  cent,  on  the  primary 
outlay  will  meet  the  renewal  of  cables,  and  4  per  cent,  that 
of  the  contact-rail.  This  means  0-0249  pence  per  kilowatt 
hour. 

Table  VII.  furnishes  all  these  items,  against  each  of  which 
is  also  shown  the  cost  per  train  mile,  ue.,  the  cost  per 
kilowatt  hour  multiplied  by  the  total  output,  viz.,  5,000 
kilowatts  for  the  hour's  work,  divided  by  the  train  mileage 
worked  during  the  hour,  viz.,  479. 
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Table  VII. 


ELECTRICAL   CHARGES. 


Cost  in  Pence,  per  Kilowatt  Hour,  and  per  Train  Mile. 


Generating  charges 

,  Per  Kilow-att 
Hour. 

Per  Train 

1 
1-643 

01574 

Sub-stations  charges 

0-0299 

'       0-312 

Out-door  attendance 

00041 

0043 

Oil,  waste,  and  sundries       

00109 

01 14 

Locomotive  drivers  and  assistants.     [This  item] 
is  shown  at  the  cost  incurred  under  present^ 
mode  of  working]           ) 

0-2538 

1 
1 
2650 

► 

Repair  and  renewal  of  machinery,  motors,  &c.  ... 

OI916 

• 

2000 

Renewal  of  cables  and  contact-rail           1 

1 

1 

00249 

0259 

1 
Total  cost  for  power  and  haulage 

06726 

7*021 

1 

Interest  at  3 J  per  cent,  on  primary  outlay,  \\i., ) 

_^4^/0,00O        ...            ...            ...            •••            •.•            •••) 

0090 1 

1 
0-941       t 

1 

Therefore,  if  my  deductions  are  correct,  it  would  appear 
that  the  cost  of  working  by  electricity  as  against  that  for 
the  steam  locomotive  is,  per  train-mile,  so  far  as  the 
Midland  is  concerned,  as  7*021  to  8*943  pence,  being  an 
apparent  saving  of  1*922  pence  per  train-mile,  or  ;^26o,i55 
on  the  average  yearly  cost  for  the  24  years  indicated. 

A  closer  comparison  of  the  chief  items  may  help  us  to 
learn  where  and  how  so  large  a  saving  is  effected. 

Coal  stands  in  Mr.  Johnson's  data  at  727,889  tons,  at  a 
cost  of  ^^289,595.  Based  upon  the  figure  adopted  by  me, 
viz.,  3'o  lbs.  per  kilowatt  hour,  the  tonnage  required  is 
454,145/   and   the   money   ^180,712.2     The   steam   loco- 


.  ^mtJLS^^J^^  =ri^sm^  PC.  T.M. 

32.48S.530  T.M.  X  r335''  -  ^JSojia. 
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motive  consumes  on  the  average  50*  191   lbs.  of  coal   per 
train   mile.     My  figures  place  the    quantity  required  for 

electrical  energy  at  v5>QQQ  ^3^)   31^315  lbs.    The  saving 

479 
under  this  head  is,  therefore,  273,744  tons,  which  at  7s.  iijd. 

will  account  for  ;^  108,927.     We  have  to  bear  in  mind  that 

the  calculation  on  which  the  cost  of  electricity  is  based 

makes  no  provision  for  shunting  operations.     It  is  based 

entirely  upon  the  train  mileage  fun*    Shunting  work  is,  of 

course,  included  in  Mr.  Johnson's  figures,  and  will  account, 

to  sonie  extent,  for  the  diflFerence.    The  main  gain,  however, 

is  to  be  found  in  the  economy  of  a  stationary,  as  against  an 

itinerant  generator,  as  well  as  in  the  fact  that  much  coal  is 

consumed  by  goods  and  mineral  trains  when  shunted,  and 

by  all  trains  when  standing  at  stations,  the  whole  of  which 

would  be  saved  if  worked  by  electricity. 

With  stationary  engines  a  less  expensive  coal  than  that 
used  for  locomotives  would  be  available,  thereby  eflFecting 
a  reduction  probably  more  than  sufficient  to  meet  the  cost 
for  shunting  previously  alluded  to.  It  may  be  pointed  out 
that  coal  is  more  costly  at  present.  Such  is  the  case,  and> 
were  my  calculations  based  upon  the  present  rate  of  coal, 
the  result  would  largely  enhance  the  advantage  of  electricity. 
Say,  for  instance,  that  coal  stood  at  los.  instead  of  7s.  11  Jd., 
the  locomotive  cost  would  be  727,889  tons  at  los.  =  ;^363,944 
instead  of  ^^289,595.  That  for  electricity  would  be  454,145 
tons  at  los.  =  £22'j,oj2,  instead  of  ^^180,701.  The  result 
would  be  that  electricity  would  show,  under  coal  at  los.  a 
ton,  a  saving  of  ;^i 36,872  instead  of  ;^io8,927,  on  precisely 
the  same  mileage,  with  a  proportionate  increased  saving  at 
prices  ranging  above  that  figure. 

The  fact  that  dear  coal  enhances  the  comparative  value 
of  an  electrical  system— especially  with  the  possibility  of 
coal  at  a  higher  rate  than  7s.  iijd. — cannot  be  too  strongly 
emphasised. 

Water. — The  steam  locomotive  calls  for  ;^28,573,  or  0*211 
pence  per  train  mile ;  electricity,  ;^7,o66,  or  '0522  per 
train  mile — a  diflerence  in  favour  of  the  latter  of  ^11,507. 
It  is  difficult  to  attempt  a  comparison  between  the  cost  of  a 
largely-scattered  supply — water  pillars  at  numerous  stations 
— and  a  concentrated  one- — one  to  every  50  miles  or  so  of  line. 
The  site  for  such  a  generating  station  would  naturally  be 
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selected  with  a  view  to  cheap  water  supply,  and,  as  a  rule, 
no  great  difficulty  would  attend  its  selection.  A  further 
point  to  be  borne  in  mind  is  that,  naturally,  all  machinery 
would  be  of  the  most  modern  and  economical  type,  and 
that  the  working  would  reach  the  highest  ideal  for  an 
electrical  plant,  viz.,  an  actually  constant  and  perpetual 
demand. 

Drivers, — It  is  quite  clear  that  whatever  may  be  the  cause 
of  the  existing  heavy  charges,  it  will  apply  equally  to  electric 
as  to  steam  locomotives.  The  engine  must  stand  by  its 
train,  and  the  men  along  with  it.  Any  reduction  that  may 
be  effected  will  be  in  the  mode  of  dealing  with  the  traffic. 
The  present  condition,  viz.,  that  of  a  mixed  traffic  travelling 
at  various  rates  of  speed — one  class  of  train  being  required 
to  make  room  for  another  of  a  more  important  character — is 
not  destined  to  effect  economy  in  this  branch  of  expense. 

Repair  and  Renewal. — I  have  assumed  that  the  cost  of 
repair  and  renewal  would  be  practically  ^th  less  with  elec- 
tricity than  steam.  I  think  I  am  more  than  justified  in  this. 
The  wear  and  tear  of  stationary  engines,  or  motors,  cannot 
possibly  be  so  great  as  that  Of  the  steam  locomotive.  The 
number  of  electric  locomotives  would  necessarily  be  as 
great,  but  their  wearing  parts  would  be  immensely  less,  than 
those  of  the  latter.  Many  local  units  would  be  entirely 
dispensed  with. 

Oil  and  Stores  forms  a  somewhat  large  item  in  the 
running  expenses  of  the  steam  locomotive.  Much  of  this  is 
for  the  lubrication  of  moving  parts  which  would  be  non- 
existent in  electric  engines.  Moreover,  with  stationary 
engines  it  is  possible  to  recover,  and  again  use,  a  great 
portion  of  the  lubricator  employed.  It  would  appear  that 
considerable  economies  in  oil  should  accompany  the  em- 
ployment of  electricity. 


We  may  now  perhaps  glance  at  possible  economies  on 
that  which  is  indispensable  for  the  steam  locomotive,  but 
which  is  unnecessary,  or  not  so  largely  necessary,  with 
electricity.  Water  pillars,  turntables,  engine  sheds,  coal 
stages — all  these  are  expensive  items  which  with  electricity 
are  either  not  required,  or  capable  of  considerable  modifi- 
ca^tion. 
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Water  pillars,  supplemented  in  many  instances  by  fixed 
engine-power  for  pumping  the  water  into  reserve  tanks, 
involving  power-houses,  sheds,  and  other  structures,  form 
part  of  all  large  stations  and  many  other  points  at  which  the 
locomotive  requires  to  take  water.  With  electricity,  water 
to  any  extent  would  be  required  only  at  that  point  at  which 
the  central  generating  station  is  placed.  If  this  station 
served  fifty  miles  of  railway,  then  it  would  take  the  place  of 
all  the  pumping  plants,  water  pillars,  &c.,  otherwise  required 
throughout  that  section  for  the  steam  locomotive.  Every 
pumping  station  involves  the  provision  of  labour,  fuel,  &c.  All 
water  pillars  require  special  attention  during  hard  weather. 
Economies  in  first  outlay  and  annual  charges  on  this 
account  should  accompany  the  use  of  electricity. 

Turntables  would  be  unnecessary.  The  annual  outlay 
for  repairs  in  this  respect  is  not  great,  but  the  cost  of  laying 
down  the  large  turntables  now  required  is  very  heavy. 

As  the  number  of  locomotives  increase,  so  increases  the 
demand  for  engine  sheds.  Electric  locomotives  would  of 
course  need  housing  as  well  as  the  steam  locomotive,  but 
the  space  which  they  would  occupy  would  probably  be 
about  half  that  now  required. 

Wherever  we  find  an  engine  shed,  there  we  see  an  area  of 
land  covered  with  6oal ;  lines  of  rails  applicable  thereto ; 
coal-stages  to  which  the  coal  has  to  be  carried,  and  from 
which  it  has  to  be  distributed  to  the  locomotives.  First  the 
coal  has  to  be  stacked,  then  loaded  into  trucks  and  carried 
to  the  coal-stage ;  and  thence  weighed  and  placed  on  the 
engine's  tender.  This  is  the  course  of  procedure  at  each 
engine  depot.  If  we  compare  it  with  the  work  of  a  large 
central  station,  such  as  that  sketched  out  in  this  paper,  I 
think  it  will  come  home  to  us  that  although  the  work  would 
be  large,  it  could  not  be  nearly  so  large  as  at  present. 
If  stacking  were  at  all  necessary  there  would  be  the  less 
quantity  to  stack,  and  it  would  all  be  dealt  with  in  a  more 
concrete  form  and  at  comparatively  few  centres.  Again,  ia 
this  respect  there  is  reason  to  look  for  economies  in  land,  in 
buildings,  and  labour. 

All  these  are  assets  directly  due  to  the  employment  of 

electricity.    Others,  not  considered  in  the  figures  which  I 

»™—  advanced,  would,  with  its  presence,  be  available  :  the 

^f  the  trains,  stations,  goods  warehouses  and  yards, 
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marshalling  grounds,  &c.  Signalling,  to  some  extent,  might 
become  automatic;  while  at  large  centres  where  signal 
boxes  have  become  both  numerous  and  cumbrous,  it  would 
appear  but  reasonable  that,  with  the  aid  of  such  a  power, 
points  and  signals  might  not  only  be  actuated,  but  the 
means  for  operating  them  might  be  so  condensed  as  to 
admit  of  the  entire  duties  being  embraced  within  such  a 
space  as  would  enable  one  man  to  deal  with  them.  Labour 
and  space  would  be  economised,  and  less  time  would  be 
occupied  in  giving  effect  to  the  various  operations  than  is 
possible  with  the  existing  means.  To  this  we  may  add 
that  obviously  it  would  also  provide  for  the  operation  of 
lifts,  and  other  local  demands  for  power  which  at  present 
have  to  be  met  by  isolated  plants. 

Let  us  now  turn  to  what  may  perhaps  be  regarded  as 
difficulties  to  be  encountered. 

The  first  question  that  will  arise  will  be  : — ^Are  we  safe 
in  placing  so  many  of  our  eggs  in  one  basket  ?  With  the 
steam  locomotive  we  have  a  travelling  unit  which  has  to 
manipulate  its  own  load  and  is  in  no  way  responsible  for 
the  duties  of  others.  If  it  breaks  down,  the  inconvenience 
is  chiefly  confined  to  the  vehicles  it  is  hauling,  and  in 
due  course  they  are  extricated  from  their  difficulty  by  the 
aid  of  another  engine. 

With  electricity  we  are  locating  our  power  at  one  spot  in 
so  many  miles  of  line,  and  if  that  breaks  down  that  section 
of  line  is  practically  dead.  But  with  the  usual  spare  parts 
— the  duplication,  if  necessary,  of  the  generating  units — 
there  should  be  no  reason  to  anticipate  such  a  failure.  The 
same  argument  in  a  measure  applies  to  the  power  at  the 
distributing  stations.  Here,  however,  the  case  may  be  met 
not  only  by  duplication,  but  by,  in  emergency,  connecting 
one  section  through  to  its  neighbour.  For  the  time  being 
inconvenience  would  be  felt ;  speed  would  be  reduced,  but 
traffic  would  not  be  stopped.  Of  all  this  we  have  evidence 
in  that  which  has  already  been  done.  We  see  railways 
being  worked,  tramways  operated,  and  other  large  under- 
takings all  dependent  upon  one  large  and  central  source  for 
their  life  and  being.  Electric  railways  have  become  an 
accomplished  fact,  and  we  may  turn  to  those  that  are  in  use 
as  exponents  of  success  or  of  difficulties  to' be  encountered. 
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Does  the  magnitude  of  the  question  we  are  considering 
— the  eventual  supersession  of  the  steam  by  the  electric 
locomotive — remove  it  from  the  category  of  that  which  has 
so  far  been  done  ?  I  think  not.  The  basis  is  there.  It  is 
to-day  in  useful  operation.  Improvements  will  come.  The 
mode  of  working  which  we  see  to-day  may,  and  probably 
will,  be  simplified,  but  this  will  only  strengthen  that  which 
has  already  been  accomplished. 

Still,  there  are  points  of  great  interest  for  consideration. 
As  a  rule,  that  which  has  been  done  has,  with  one  or  two 
exceptions,  been  confined  to  underground  lines,  and  these 
exceptions  have  not  as  a  rule  dealt  with  such  heavy  work  as 
the  large  overland  railways  require  to  compass.  Overground 
railways  have  to  work  through  all  kinds  of  weather — ^rain, 
snow,  fog — and  at  times  to  pass  over  rails  submerged  in 
water.  Winter  floods  are  not  unusual  in  certain  localities 
of  nearly  all  overland  railways.  These  are  conditions  which 
will  affect  the  construction  of  the  locomotive,  the  arrange- 
ment of  the  current  collector,  and  the  contact-rail,  and  are 
subjects  for  thought  not  only  in  themselves  but  in  relation 
to  the  mass  of  under-gear  which  now  appertains  to  all 
passenger  railway  stock,  as  also  to  the  relative  position  and 
construction  of  roads,  their  repair  and  renewal. 

A  question  may  here  intervene  whether  a  similar  economy 
would  attend  the  operation  of  small  branch  lines  of  railway 
where  the  trains  are  few  and  far  between.  Consider  1  Why 
are  the  trains  so  few  and  far  between  ?  The  traffic  is,  we 
will  say,  a  fixed  quantity.  There  are  only  so  many  tons  of 
goods  and  so  many  passengers  passing  over  it  daily.  The 
steam  locomotive  is  available  only  at  certain  times,  and  to 
attain  economy  it  is  necessary  that  so  many  trips  only 
should  be  made.  The  accommodation  is  limited  to  this. 
But  if  the  power  for  working  the  trains  were  constant, 
although  reduced,  any  number  of  trips  might  be  made. 
The  additional  cost  would  be  that  only  of  the  driver,  for 
the  rest  the  branch  would  be  no  more  costly,  while  the 
frequency  of  the  communication  would  tend  towards  the 
development  of  the  district,  and  the  consequent  increase  of 
trade. 
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I  have  now,  I  believe,  fairly  set  forth  the  salient  features 
of  this  question.  The  data  which  I  have  produced  speaks 
greatly  in  favour  of  electrical  energy  as  a  motive  power  for 
the  movement  of  railway  trains.  The  economies  which  it 
would  apparently  effect  are,  indeed,  so  large  as  to  raise  a 
doubt  whether  my  deductions — whether  the  figures  I  have 
adopted — are  fair  and  reasonable.  It  must  not  be  forgotten 
that  my  calculations  are  based  upon  a  mileage  run  clear  of 
stoppages  or  other  contingencies.  Stoppages  are  unavoid- 
able. They  will  arise,  and  provision  must  be  made  to  meet 
them.  But  I  find  it  difficult  to  identify  them  further  than  I 
have  already  done.  Stoppages  will  not  affect  the  coal  bill. 
I  have  taken  the  present  cost  of  drivers  and  firemen  to  apply 
to  that  for  drivers  and  assistants  for  electric  locomotives. 
My  allowance  for  repair  and  renewal  of  machinery  will,  I 
think,  be  generally  supported.  Necessarily  the  subject  has 
to  some  extent  had  to  be  dealt  with  more  in  the  abstract 
than  in  detail,  but  I  venture  to  hope  my  figures  will  not  be 
found  illiberal.  We  must  not  lose  sight  of  the  fact  that  the 
conditions  are  a  constant  load  and  continuous  output  for 
every  hour  of  the  year.  I  believe  the  cost  of  shunting  at 
stations  and  in  goods  yards  may  be  met  by  the  economy 
attending  the  use  of  a  cheaper  coal  than  that  which  is 
necessary  for  the  steam  locomotive;  but  assuming  that  some 
provision  should  be  made  for  this,  for  administration  and 
contingencies,  I  conclude  that  20  per  cent,  (say  ;^5o,ooo) 
of  the  accredited  saving  will  cover  it. 

We  thus  bring  the  net  annual  advantage  to  approximately 
;f  208,124,  and  if  we  deduct  interest  on  the  primary  outlay  it 
will  further  reduce  it  to  ;^i9i,674.  Whether  it  is,  in  face  of 
the  savings  to  be  affected  in  engine-sheds,  coal-stages,  water- 
cranes,  &c.,  fair  to  make  a  debit  in  full  of  this  amount,  I 
must  leave  those  who  are  interested  in  the  question  to  deter- 
mine. Broadly,  it  appears  to  me  to  mean  this  :  that  were 
a  new  company  to  start  with  electricity  as  their  motive- 
pyower,  they  would  not  need  to  take  into  consideration  the 
interest  on  the  entire  additional  outlay,  because  they  would 
save  a  great  portion  of  it  in  other  directions. 

But  were  an  established  company  to  adopt  it,  they  would 
already  have  incurred  the  cost  for  the  lands,  buildings,  &c., 
and  the  expense  for  establishing   electric   working  would 
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unavoidably  prove  to  them,  for  some  years,  an  addition  to 
their  capital  charges. 

Although  I  feel  that  my  reason  for  pursuing  such  a  course 
will  be  obvious,  it  may  be  desirable  that  I  should  emphasise 
the  fact  that  my  sole  object  in  availing  myself  of  the  data 
afforded  by  Mr.  Johnson's  presidential  address  to  the  members 
of  the  Institution  of  Mechanical  Engineers  is  that  I  might 
deal  with  data  extending  over  a  long  period  of  years,  rather 
than  draw  a  comparison  with  a  period  which  might  -be 
regarded  as  possessing  some  abnormal  feature.  It  must, 
however,  be  noted  that  recent  figures  tend  to  greatly  magnify 
the  result.  1  have  shown  that,  with  electrical  working, 
certain  economies  are  to  be  anticipated.  The  annual  amount 
of  these  economies  is  based  upon  the  ascertained  saving  per 
train  mile,  multiplied  by  the  average  annual  mileage  for  the 
twenty-four  years — viz.,  32,485,580.  The  mileage  for  1899 
is  45,453,438,  and  the  expenditure  ;^2,oo6,o69,  as  against 
the  twenty-four  years'  average  ;^i, 122,899  ;  and  the  train- 
mile  cost  has  risen  to  10*59  as  against  8*943  pence. 
Assuming  that  the  saving  per  train  mile  remained  the 
same — it  would  probably  be  larger,  consequent  upon  the 
increased  cost  of  coal — the  resultant  saving  would  be, 
independent  of  any  deductions  for  interest  or  con- 
tingencies, ^364,006. 

Large  as  is  the  apparent  economy  thus  presented,  it 
would,  were  it  possible  to  employ  a  gas  plant  for  so  large  an 
output,  be  increased  by  the  use  of  the  "  Mond  "  gas  system. 
Such  a  system  would  appear  to  invite  consideration,  at  all 
events,  for  smaller  installations,  as,  for  instance,  for  the 
operation  of  branch  lines. 

Here  it  may  perhaps  be  asked  :  What  good  can  attend 
the  production  of  these  figures,  or  the  results  they  advocate, 
seeing  that  the  railway  system  generally  is  wedded  to  the 
steam  locomotive  ?  Is  it  probable  that  any  railway  company 
will  cast  on  one  side  their  present  equipment  for  the  purpose 
of  taking  up  that,  which,  although  holding  out  fair  hopes 
of  a  large  economy,  is  yet,  in  a  measure,  or  in  the  large 
measure  to  which  it  would  have  to  be  applied,  mainly  an 
untried  agent  ?  To  this  1  reply :  Railway  companies  are 
under  the  direction  of  business  men — men  who  kngw  the 
value  of  money.  Satisfy  them  that  economies  are  to  be 
ef  ^o  not  let  us  forget  that  the  economies  are 
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not  confined  solely  to  those  with  which  this  paper  has 
dealt,  but  probably  to  many  others  indirectly  associated 
therewith — and  that  the  economy  emlxaces  a  reliable  means 
of  working,  and  they  will  not  be  found  undesirous  of  testing 
its  worth.  The  life  of  a  steam  locomotive  is  not  an  indefinite 
quantity.  Its  replacement  by  one  of  more  modem  con- 
struction or  of  greater  power,  quite  apart  from  its  ultimate 
destruction  by  wear  and  tear,  is  an  appreciable  fact.  As 
traffic  increases,  so  additions  have  to  be  made.  We  see  so 
many  new  engines  ordered  year  by  year.  WTiat  is  to  prevent 
a  railway  company,  instead  of  thus  perpetuating  its  annual 
costs,  setting  apart  portion  by  portion  of  their  system  for 
operation  by  electrical  energy,  and,  instead  of  ordering  for, 
say,  that  ix)rtion  of  their  system,  steam,  to  order  electric 
locomotives ;  and  thus  to  bring,  piece  by  piece,  their  entire 
system  under  electrical  operation  ?  No  sane  railway  manage- 
ment would  do  otherwise ;  and  I  assume  that,  should  my 
figures  stand  unrefuted,  no  railway  company  would  desire 
to  follow  any  other  course.  Prove  its  economy,  prove  its 
reliability,  and  there  is  nothing  in  the  fact  that  railways  are, 
for  the  time  being,  the  slave  of  the  steam  locomotive,  to 
militate  against  their  supersession  by  electrical  energy. 


That  this  paper  deals  with  a  problem  which,  sooner  or 
later,  will  force  itself  upon  the  attention  of  all  who  are  in- 
terested in  railway  progress,  few  will  be  disposed  to  dispute. 
So  far  it  has  been  considered  solely  in  the  realm  of  economical 
working — in  the  interest  of  the  railway  shareholder.  But 
are  we  justified  in  looking  at  it  only  from  this  standpoint  ? 
Does  it  not  embrace  a  question  of  still  greater  magnitude  ? 
Is  it  not  one  of  even  national  interest  ?  If,  by  the  aid  of 
electricity,  we  can  save  no  less  than  i8*876  lbs.  of  coal  per 
train  mile,  it  is  clear  we  could  save  uo  less  than  three  million 
tons  a  year  '  if  all  our  railways  were  worked  by  that  agency. 
View  it  again  from  still  another  standpoint.  Twenty 
thousand  locomotives  moving  about  throughout  the  land 
cannot  fail  to  leave  their  mark  behind  them.     Our  railway 

*  396,241,265  train  miles  x  18*876  lb.  =-  3.339i040  <o"s. 
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stations,  the  telegraphs  which  traverse  the  railway  routes, 
the  trees  which  grow  on  its  borders,  all  bear  evidence  of 
their  presence. 

The  supersession  of  the  steam  locomotive  by  the  electric 
locomotive  will  bring  with  it  a  purer  and  a  more  cleanly 
atmosphere — cleanly  railway  stations — cleanly  railway  car- 
riages— a  higher  and  a  purer  sanitary  condition  of  life.    ^ 

Robinson  ^^'  ^^^^  RoBiNSOX  :  I  am  sufc  I  shall  not  be  accused  of  wasting 

the  time  of  the  meeting  in  compliments  if  I  begin  by  expressing  the 
view,  which  I  believe  all  present  hold,  that  this  is  a  most  interesting 
and  valuable  paper.    It  deals  with  a  matter  of  the  utmost  importance 
to  the  country  and  to  its  industries.     It  is  one  we  are  all  anxious 
to  hear  about,  and  it  has  been  put  before  us  in  the  most  practical 
manner,  by  dealing  with  a  concrete  case.    Mr.  Langdon's  conclusions, 
even  if  we  think  some  deductions  should  be  made  from  them,  cannot 
fail   to  be  welcome   to  many  in  this  room.      He  has    not   spoken 
as  an  enthusiast  —  scarcely  as  an    advocate  —  and    he    has   treated 
the    subject  with    complete    impartiality  and    moderation.     In  fact 
his   almost    excessive    moderation    is   my  excuse  for  attempting  to 
criticise  him,  and  for  endeavouring  to  show  that  he  has  not  made 
the  best  case  for  electricity  which  the  circumstances,  as  given  in  his 
paper,  admit  of.     Mr.  Langdon  proposes  five  sub-stations,  each  feeding 
ten  miles  of  line,  with  a  continuous  current  of  600  volts.    I  have  no 
wish,  and  do  not  propose,  to  question  his  scheme  in  these  leading 
features :    I   only  hope  to  show  that,  these  being  granted  and  his 
estimates  assumed  correct,  a  different  arrangement  of  plant  would 
lead  to  a  great  reduction  in  first  cost  as  well  as  in  working  expenses. 
If  his  estimates  are  too  high  or  too  low,  that  does  not  affect  my  argu- 
ment, which  relates  only  to  comparative  results,  and  might  be  based 
equally  well  upon  any  other  figures.    What  I  question  is  the  need  for 
the  big  central  station  which  supplies  the  sub-stations,  for  I  believe  that 
2,000  kilowatts  could  be  generated  in  each  of  the  five  stations   as 
economically  as   10,000  kilowatts  could  be  generated  in  one  large 
central  station,  or  if  not  as  economically,  then  so  nearly  as  economi- 
cally that  there  would  still  be  great  advantage  in  working  by  the  more 
numerous  and  smaller  stations.  THe  10,000  kilowatts  correspond  to  about 
16,000  horse-power,  or  say  four  engines  of  4,000  H.P.  each.    It  is  com- 
monly beHeved  that  as  engines  attain  to  very  large  sizes  they  become 
much  more  economical,  and  it  is  probably  Mr.  Langdon's  view  that 
there  will  be  such  notable  savings  in  coal  and  in  other  things  as  to 
justify  the  great  cost  of  the  cables  leading  to  the  sub-stations  and  the 
very  serious  losses  which  he  foresees  in  transformation.     I  venture  to 
assert  that  there  is  no  such  great  economy  in  increasing  the  size  of  the 
engines.    It  is  reasonable  to  suppose  that  Mr.  Langdon  has  tujrned  for 
inspiration  to  the  country  where  electric  traction  has  received  its 
greatest  development,  namely,  America,  where  they  believe  very  much 
in  large  stations.     But  in  America  only  the  slow-running  engine  is 
•esent  to  the  minds  of  their  engineer s^  ai\d  of  such  engines  it  is  true 
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that  econonly  inlprdves  ^tti  increase  oi  sizi^*    It  ought  to  do  so,   Mr. 
because  the  relation  between  the  exposed  surface  in  the  cyUnders 
(which   is  the  immediate  cause  of  condensation,  the  principal  heat 
loss  we  have  to  guard  against)  and  the  volume  of  steam  which  the 
cylinders  contain  becomes  more  favourable  as  the  size  of  the  cylinder 
increases.     Really    high-speed  engines,  which   are  chiefly   used    in 
this  country  and  are  practically  unknown  elsewhere,  stand,  however, 
apon  qaite  a  different  footing.    In  them  a  new  factor  tending  to 
economy  comes  into  play,  which  has  practically  no  existence  in  any 
sbw^Tunning  engine,  namely,  the  great  shortening  of  the  period  during 
which  the  surfaces  are  exposed  to  the  successive  alternations  of  tem- 
perature.   That  is  imdoubtedly  the  chief  reason  for  the  remarkable 
economy  of  the  English  fast-running  engines  even  down  to  very  small 
sizes.     In  such  engines,  when  you  decrease  the  size,  you  are  able  still 
further  to  increase  the  speed  and  to  further  reduce  the  time  of  exposure 
of  the  surfaces,  so  as  to  more  or  less  completely  compensate  for  the 
increased  condensation  due  to  the  worse  ratio  between  the  surfaces 
and  the  volume  of  the  cylinder.    In  a  slow-running  engine  the  speed 
may  also  be  increased  as  the  size  diminishes,  but  within  far  smaller 
Umits,  and  the  speed  attainable  with  this  t3rpe  of  engine,  however  small' 
the  engine  may  be,  is  in  no  case  sufficient  to  act  materially  upon 
economy.    These  facts,  though  apparently  ignored  out  of  this  country, 
are  established  by  trials  and  records  well  known  to  the  scientific  world, 
and  I  would  apologise  for  bringing  them  forward  in  discussing  a 
subject  apparently  remote  from  the  merits  of  rival  t3rpes  of  engines, 
if  it  were  not  that  the  capacity  of  one  tjrpe,  and  of  one  type  only,  to 
give  very  economical  results  in  moderate  sizes  goes  really  to  the  root 
of  the  question.  Those  who  remember  the  remarkable  figures  obtained 
in  the  well-known  experiments  of  the  late  Mr.  Willans,  may  have  for- 
gotten that  the  engine  on  which  he  tried  those  experiments,  and  with 
which  he  obtained  a  consumption  of  only  12^  lbs.  of  steam  per  in- 
dicated horse-power,  was  of  40  H.P.  only.    On  the  score,  therefore,  of 
steam  economy  there  is  no  necessity  to  use  very  large  engines,  or 
to  collect  all  the  power  in  one  great  station;  hence  the  main  (high- 
tension)  cables  may  be  left  out,  and  a  great  loss  of  energy,  as  well 
as  first  cost,  avoided.    To  go  to  figures,  I  would  first  say  that  I  have 
consulted  several  electrical  engineers   who  have  bad  experience  of 
stations  large  and  small,  and  they  support  my  belief  that  stations  of 
about  3,000  H.P.  (the  size  of  Mr.  Langdon's  substations)  can  be  run 
at  almost,  if  not  quite,  the  same  cost  per  kilowatt  as  a  station  very 
much  larger.      Each  of  the  five   stations  would   be  a  little  smaller 
than     I  could  wish  ;  possibly  four  would  give   a   better  result,  but 
even  the   suggested  stations  of  2,000   kilowatts  each  would  contain 
three  engines  of  1,000  H.P.  each,  or  four  of  750,  and  I  venture  to  say 
either  of  these  would  use  as  Uttle  steam  per  kilowatt  as  engines  of 
any  size  or  type.    They  would  certainly  cost  less  for  attendance,  and 
the  office  management  expenses  would  in  my  opinion  be  no  greater. 
Five  such  stations  on  the  same  line  of  railway,  and  connected  by 
telephone,  would  be  practically  one  concern,  each  separate  station 
being  merely  a  foreman's  job.     The  several  stations  would  assist  each 
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Robinson.  Other  with  Current,  and  I  should  not  anticipate  any  excessive  changes 
of  load  in  the  separate  stations  as  the  trains  passed  from  one  section 
to  another.  Only  this  week  I  have  been  engaged  in  designing  a  station 
which  is  to  have  some  10,000  H.P.  in  it,  and  it  was  actually  found 
desirable  for  convenience,  and  for  safety  against  breakdowns,  to  divide 
this  large  power  into  groups  of  p&nt,  of  course  in  the  same  engine- 
room.  If  those  groups  stood  ten  miles  apart  (all  on  sidings  on  the 
same  railway)  I  do  not  think  the  inconvenience  would  be  great.  Assume 
that  in  each  of  the  ten-mile  sections  a  site  can  be  found  with  good 
water  supply,  which  perhaps  is  a  large  assumption,  and  that  we  install 
one-fifth  of  thejpower  there,  and  that  all  the  stations,  instead  of  one  only, 
deliver  continuous  current  direct  to  the  rails.  Let  us  assume  that  the 
five  stations  cost  as  much  to  build  as  the  one  big  one  (priced  at  £50,000 
in  the  table  on  page  136),  plus  the  ;£io,ooo  which  has  been  allowed  for 
the  five  sub-stations  ;  they  will  then  cost  ;£6o,ooo.  I  think  that  is  a  safe 
estimate,  because  very  large  stations  increase  rapidly  in  cost,  owing 
to  the  great  height  of  the  buildings,  the  large  span  of  the  roofs,  and  the 
great  power  and  weight  of  the  travellers  required.  Assuming  also  that 
the  ;£20o,ooo  provided  for  generating  plant  is  available  and  is  sufficient, 
as  I  believe  it  would  be,  for  the  five  smaller  stations,  then  we  should 
at  least  save  the  £^0^000  allowed  for  the  equipment  of  the  sub-stations, 
for  the  transformers,  and  so  on,  and  we  should  further  save  the  £^0,000 
put  down  for  cables.  That  is  ;£i40,ooo  out  of  ;£47o,ooo,  and  it  brings 
our  first  cost  down  to  /^330,ooo.  But  in  addition  we  should  wholly  save 
the  17  per  cent,  which  is  given  us,  at  page  134,  as  the  loss  of  energy  in  the 
rotary  converters  and  the  static  transformers,  and  we  further  save  the 
10  per  cent,  lost  in  the  high-tension  transmission.  Hence  the  1,107  kilo- 
watts required  (page  135)  to  be  delivered  to  each  section  containing  three 
trains,  is  reduced  to  834  kilowatts,  and  the  total  is  reduced  from  4,984 
to  3,892  kilowatts,  a  reduction  of  no  less  than  22  per  cent.,  involving  also 
a  reduction  of  22  per  cent,  off  the  ;£26o,ooo  we  have  allowed  for  the 
buildings  and  plant.  This  amounts  to  over  ;£57,ooo,  so  that  we  really 
bring  down  this  ;£47o,ooo  capital  charge  to  about  £273,000,  and  we  may 
hope  to  save  the  same  2Z  per  cent,  upon  the  cost  of  running  the  plant. 
I  am  prepared  to  learn  that  there  may  be  difficulties  in  finding  five 
sites  for  stations  conveniently  placed  on  these  five  sections,  with  good 
water  supply,  so  that  either  from  a  reduction  in  the  number  of  stations 
or  from  some  being  disadvantageously  placed,  something  would  have 
to  be  given  back  again  in  the  form  of  increased  cost  for  conductors  ;  but 
the  total  saving  at  our  disposal  is  really  so  great  that  we  can  afford  to 
deduct  a  good  deal  from  it  and  yet  show  a  very  large  gain.  On  rail- 
ways with  a  very  light  traffic  spread  over  a  long  distance,  or  on 
Metropolitan  lines  where  there  would  be  a  diflftculty  in  getting  sites 
for  stations,  high-tension  transmission  with  transformers  at  the  end 
may  be  perfectly  right,  but  for  railways  in  general  that  system  ought 
to  be  the  exception  rather  than  the  rule.  There  is  another  economy 
which  Mr.  Langdon,  I  am  glad  to  sec,  has  in  reserve,  namely,  that 
when  a  railway  becomes  wholly  electrical  the  passenger  trains  may  be 
run  upon  the  better  system  of  having  the  motors  on  the  axles  of  the 
carriages,  which  for  passenger  trains  gives  many  advantages,  and  is 
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less  hard  upon  the  permanent  way.    I  can  only  thank  Mr.  Langdon   Mr. 
again  for  having  given  ns  such  a  very  fruitful  paper,  and  a  paper  which    i^^^'^nson. 
should  set  us  all  thinking. 

Mr.  G.  C.  Cunningham  :  The  extremely  interesting  and  valuable   mt.  Cun- 
paper  that  Mr.  Langdon  has  read  opens  up,  I  think,  a  very  fruitful  "*"Shani. 
subject  for  discussion.    The  question  of  the  application  of  electricity 
to  locomotion,  to  my  mind,  largely  turns  upon  the  question  of  the 
pounds  of  coal  per  ton  mile.    Some  years  ago  I  wrote  a  short  paper, 
that   was  published  in  the  Proceedings  of  the   Institution  of  Civil 
Engineers,  upon  the  subject  of  the  consumption  of  fuel  in  locomotive 
engines  on  railways.  That  was  at  a  time  when  I  was  in  Canada  as  chief 
engineer  of  the  Canada  Southern  Railway.     This  railway  line  is  ex- 
tremely level,  with  very  flat  gradients — there  are  none  more  than  fifteen 
feet  to  the  mile — and  it  is  almost  entirely  free  from  curves.    There  is 
one  long  straight  section  of  fifty-three  miles,  joined  by  another  long 
straight  portion  of  fifty-four  miles.     Hence  this  line  was  perhaps  the 
very  best  possible  for  doing  work  with  a  small  consumption  of  fuel. 
The  goods  trains  on  that  line  were  therefore  long,  and  were  drawn  by 
one  engine.    The  consumption  of  fuel  by  these  goods  trains  worked  out 
at  o'i5  of  a  pound  of  coal  per  ton  mile.    On  the  passenger  trains,  where 
a  much  higher  speed  was  obtained,  the  consumption  of  coal  was  o'8  of 
a  pound  per  ton  mile.    Now,  of  course,  electrical  railways  present  pre- 
cisely the  same  problem,  the  gradients  of  the  line  affecting  the  amount 
of  power  used.     The  quantity  of  power  is  dependent  upon  the  resist- 
ance of  the  line — that  is  mainly  on  the  gradients  of  the  line.    On  the 
Liverpool  Overhead  Railway,  which  is  practically  a  level  line,  I  found 
in  a  paper,  which  was  read  before  the  Institution  of  Civil  Engineers 
some  few  years  ago,  that  the  quantity  of  coal  burnt  per  ton  mile  was  0*4 
of  a  pound.    On  the  Central  London  Railway,  of  which  we  have  had  a 
brief  experience — I  hope  you  have  all  had  experience  of  it — the  quanfity 
of  coal,  irrespective  of  that  which  is  consumed  for  station  lighting  and 
Ufts,  per  ton  mile  consumed  in  the  power-house,  covering  all  losses  in 
transmission  and  transformation  and  so  forth,  is  0*5  of  a  pound,  as  near 
as  I  can  get  it  at  present,  per  ton  mile.    Of  course  this  is,  as  I  say,  de- 
pendent upon  the  amount  of  power  used,  and  the  amount  of  power  is 
again  a  question  of  gradient.     In  Mr.  Langdon's  very  interesting  paper 
the  question  of  power  seems  to  have  been  assumed  at  some  standard 
amount,  irrespective  of  the  gradients.    The  quantity  of  power  used  on 
such  a  line  as  the  Central  London,  irrespective  of  the  lighting  and  lifts, 
is  something  like  70  watt-hours  per  ton  mile.      But,  as  showing  how 
very  much  this  power  varies  with  the  gradients,  I  may  say  that  on  the 
Montreal  Electric  Railway,  a  line  running  through  the  streets,  of  which 
railway  I   was  the  general  manager  for  some  years,  the  quantity  of 
power  used  was  something  like  300  watt-hours  per  ton  mile.     There,  of 
course,  the  gradients  were  very  severe,  in  some  cases  as  steep  as  i  in  10 
up  steep  streets.     It  is  therefore  difficult  a  priori,  until  we  know  the 
character  of  a  railway,  to  say  how  much  power  would  be  used  on  it. 
Of  course,  the  cost  of  producing  the  power  again  depends  upon  the 
character  of  the  power-house  in  which  it  is  produced.    In  my  own 
experience  the  lowest  consumption  of  coal  that  I  have  known  in  pro- 
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Mr.  cun-  ducjng  a  kilowatt-hour  is  3-6  pounds,  and  the  lowest  cost  {i.e.,  sbop- 
*"■  cost)  that  I  have  known  is  something  slightly  over  a  farthing,  irrespec- 
tive of  depreciation  or  interest  ou  capital.  But  that  I  conceive  is  a  low 
cost,  and  I  do  not  know  of  any  case  in  which  it  has  been  further 
reduced.  The  question  of  Ihe  application  of  electricity  to  railways  is 
one,  the  development  of  which  would  be  watched  with  very  great 
interest  by  all  Ihose  associated  with  electrical  work.  But  I  think  it  is  a 
question  that  depends  almost  entirely  on  the  construction  of  economi- 
cal power-houses  and  the  economical  distribution  of  (he  electrical 
current. 
Mr.  Paraoiu.  M^,  c.  A.  PARsoss  :  I  think  we  are  very  much  indebted  to  Mr. 
Langdon  for  bringing  forward  this  most  interesting  and  important 
subject  at  the  present  time.  I  may  say  that  it  seems  to  me  that  the 
subject  has  been  treated  on  a  thorougli  and  sj'stematic  basis,  and  that 
the  figures  he  has  placed  before  us  (as  far  as  I  can  judge)  err,  if  any- 
thing, on  the  hberal  side.  The  case  might,  I  think,  have  been  made 
out  more  favourable  to  the  electrical  running  of  trains,  but  Mr.  Langdon 
has  thought  it  wiser  to  allow  a  considerable  margin.  In  the  cost  of 
generation  of  electricity,  for  instance,  I  think  his  figure  of  3  lbs.  of  coal 
per  kilowatt-hour  errs  on  the  liberal  side,  in  view  of  the  large  scale  of 
the  generating  plant.  The  question  of  generating  from  one  central 
station  rather  than  from  a  number  of  small  stations  connected  by  tele- 
phone, to  which  Mr.  Robinson  has  alluded,  is,  I  think,  scarcely  the  point 
before  the  meeting  this  evening,  but  is  more  of  the  nature  of  a  side 
issue.  The  broad  and  important  question  is  rather  whether  trains  can 
in  general  be  propelled  electrically  on  a  large  scale  at  anything  like  the 
cost  of  the  steam  locomotive  ;  and  this,  I  think,  has  been  conclusively 
shown  to  be  the  case  by  Mr.  Langdon.  If  further  seems  to  me  that 
when  the  electrical  system  is  worked  out  in  practice  there  will 
manifest  themselves  many  and  unexpected  economies  which  at  the 
present  time  cannot  be  realised.  The  one  great  advantage  of  the  large 
central  stations  and  of  high-tension,  long-distance  transmission,  is,  of 
course,  the  liberty  wiiich  it  affords  to  the  designers  of  placing  the 
stations  in  situations  where  there  is  practically  free  water  in  unlimited 
amount  for  condensingand  also  easy  access  for  coal,  and  suitable  places 
for  the  artisans  to  live.  There  is  no  doubt,  from  the  experience  I  have 
had,  that  the  larger  the  station  the  cheaper  it  can  be  run,  in  consequence 
nf  thi>  OTPjitpr  HRvelonments  in  organisation,  management,  and  ma- 
mically  possible  in  an  undertaking  of  the 
link  we  are  very  much  indebted  to  Mr. 
haps,  repeat  that  I  consider  the  paper  one 
importance,  and  that  it  may  assist  towards 
felopments  in  the  application  of  electricity 

ve  not  bad  time  to  prepare  many  notes  on 
paper,  but  I  may  say  at  once  that  I  do  not 
igures  which  the  author  has  collected  from 
per  read  before  the  Institution  of  Mechanical 
notive  men  are  practically  unanimous  with 
t  may  irisc  out  of  those  figures,  but  Hie  little 
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study  which  I  have  given  to  the  question  of  electric  traction  on  rail-   Mr.  Hoy. 
ways  leads  me  to  fall  in  with  the  views  which  have  been  expressed  by 
Mr.  Mark  Robinson  with  regard  to  the  use  of  a  direct  current  at  say 
600  volts  being  fed  to  the  main  line  in  sections,  and  by  smaller  units 
than  has  been  suggested  by  Mr.  Langdon  in  his  paper.    I  fail  to  sec 
why  any  resort  should  be  made  to  the  use  of  large  power-stations  at 
infrequent  intervals,  entailing  the  use  of  static  and  rofeiry  transformers, 
although  the  efficiency  of  those  transformers  is  as  high  as  it  can  be 
hoped  to  expect  of  them.    As  Mr.  Langdon  points  out,  the  loss  of 
efficiency  is  very  small,  especially  with  the  static  transformers ;  yet 
to  this  must  be  added  the  loss  of  efficiency  in  one  or  more  rotary 
transformers,  which  by  reason  of  them  being  so  made  are  necessarily 
less  efficient.    I  suggest  that  the  whole  of  this  be  saved  by  serving 
sections  of  railway  with  direct  current  from  generating  stations  of  a 
capacity  suitable  for  the  work  to  be  done.    Most  of  the  members  are 
aware  of  what  Colonel  Heft  has  done  upon  the  New  York,  New  Haven, 
and  Hartford  Railway  of  America.    No  attempt  has  been  made  there 
to  introduce  anything  beyond  what  I  have  named,  and  the  information 
that  I  obtained  on  the  ground  was  to  the  effect  that  any  extension 
would  follow  on  the  same  lines.    I  believe  if  a  current  was  fed  in  the 
way  indicated,  a  greater  efficiency  would  result  than  that  which  is 
suggested  in  the  paper.    One  reason  lies  in  the  fact  that  by  relying 
upon  large  central  stations  at  infrequent  intervals  there  is  not  so  much 
scope  for  taking  advantage  of  suitable  sites  for  obtaining  water  for  con* 
densing  purposes,  which  is  a  very  important  point,  as  indicated  by 
Mr.   Parsons.     The   position    of   the    central    station  as    shown    in 
Mr.  Langdon's  paper,  viz.,  at  Harpenden,  about  twenty-five  miles  from 
London,  is  not,  so  far  as  my  knowledge  of  the  geography  of  that  part 
of  the  country  extends,  a  suitable  place  for  obtaining  a  large  continuous 
supply  of  water  for  condensing  purposes.    It  has  occurred  to  me,  and 
I  think  it  relates  to  the  question  under  discussion,  that  something 
further  might  be  done  than  was  suggested  by  Mr.  Mark  Robinson — 
something  on  the  lines  of  our  friends  in  America,  but  not  quite  so 
much  as  has  been  done  with  the  Heilman  locomotive  in  France — 
namely,  to  have  moving  generating  stations  in  which  the  current  is 
produced  upon  a  vehicle  and  charged  direct  into  the  third  rail,  such  a 
vehicle  to  be  provided  with  a  motor  of  only  sufficient  power  to  move 
itself  at  a  moderate  pace.    Suitable  engines  of  a  high-speed  type  and 
generators  would  be  provided,  and  the  whole  would  form  an  electric 
locomotive  not  necessarily  to  be  used  for  tractive  purposes  excepting 
in  the  way  I  have  indicated.    The  advantages,  from  a  railway  traffic 
manager's  point  of  view,  would  be  very  great,  because  such  moving 
electrical  plants  could  be  distributed  where  the  greatest  power  is 
required,  and  thus  get  rid  of  one  disadvantage  at  least,  viz.,  that  of  a 
fall  of  voltage  due  to  generators  being  so  far  away  from  their  work. 

Mr.  J.  S.  Raworth  :  We  have  the  pleasure  of  seeing  Mr.  Langdon  iir. 
once  more  amongst  us  reading  a  paper.    I  want  to  say  one  word  about  ^*^^^^**- 
Mr.  Langdon's  paper,  and  to  call  attention  to  the  thanks  that  we  owe 
him  for  the  industry  and  perseverance  with  which  he  puts  these  papers 
before  us. 

TOU  XXX.  11 
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I  have  followed  Mr.  Langdon's  figures  pretty  closely,  and  mine  do 
not  come  out  quite  the  same  as  his,  but  it  will  be  better  if  criticisms 
come  from  our  side  rather  than  the  other.    The  President  has  very 
properly  called  on  the  locomotive  superintendents  present  to  come 
forward,  and  I  have  been  wanting  the  man  to  come  forward  who  would 
say  that  Mr.  Langdon  is  all  wrong,  and  that  his  suggestions  could  not 
be  carried  out,  for  we  would  at  once  refute  his  arguments.    I  have 
looked  over  Mr.  Langdon's  figures,  and  on  Table  IL  he  says  that  the 
maximum  number  of  trains  per  hour  passing  through  Luton  is  sixteen, 
but  in  the  column  on  the  right-hand  side  you  will  find  there  are 
nineteen.    Then  you  find  in  Table  IH.  that  ten  trains  more  go  through 
Harpenden   per  day  than   through   Luton,  but   they  are,  curiously 
enough,  all  light  engines.    I  do  not  know  whether  Mr.  Langdon  will 
be  able  to  give  us  an  explanation  of  the  fact.    When  we  come  to  a  cal- 
culation of  the  power  required  to  drag  trains  from  London  to  Bedford, 
I  am  sorry  to  say  I  have  not  been  able  to  follow  Mr.  Langdon  quite 
clearly  through  his  calculations.    He  has  adopted  a  nomenclature  of  his 
own,  and  though  I  have  succeeded  in  mastering  it  to  some  extent,  I 
thought  it  better  to  recalculate  the  whole  from  the  beginning.    On  Mr. 
Langdon's  figures  I   took  out  the  total  foot-pounds  that  would  be 
required  to  drag  the  287  trains  over  the  fifty  miles  in  twenty-four 
hours,  and  then  I  have  divided  that  out  and  brought  out  the  total  result 
at  7,380  kilowatts,  with  an  average  of  twelve  trains  per  hour.  Then  pro- 
viding for  a  possible  maximum  of  sixteen  trains  per  hour,  not  nineteen, 
and  allowing  600  kilowatts  for  acceleration,  with  four  stops  on  the 
average  in  the  distance,  I  find  that  the  total  kilowatts  required  is  9,850, 
which  shows  that  Mr.  Langdon,  after  all,  is  not  such  a  bad  guesser  in 
fixing  the  power  of  the  station  at  10,000  kilowatts.    1  do  not  think  we 
shall  grumble  at  Mr.  Langdon  because  he  has  allowed  a  fair  margin  that 
will  cover  any  method  of  calculating  the  results,  because  it  must  be 
clearly  understood  that  results  cannot  be  found  out  exactly  ;  they  must, 
in  every  case,  be  subject  to  a  certain  amount  of  guess  work.    For 
nstance,  Mr.  Langdon's  formula  of  the  tractive  power  per  ton  is 

V* 

3  -H  —  miles  per  hour.    Although  I  am  not  now  a  railway  man,  I  w^s 

once,  and  I  think  there  must  be  some  little  error  in  the  formula  of 
Mr.  Langdon's,  because  you  will  obser\'e  that  if  we  only  went  one  mile 
an  hour  we  should  have  no  more  force  to  push  the  train  than  3  lbs. 
per  ton. 

Mr.  Laxgdox  :  I  should  have  mentioned  that  the  formula  is  not 
applicable  under  five  miles  an  hour. 

Mr.  Ra WORTH  :  I  give  iji  at  once.  There  are  one  or  two  points  in 
Mr.  Langdon's  calculations  in  which,  I  think,  he  has  in  his  usual  kind 
manner  given  the  benefit  to  the  steam  locomotive.  In  the  first  place  he 
has  taken  the  expenses  for  the  last  twenty-four  years  of  the  steam  loco- 
motive, and  he  has  taken  expenses  for  the  present  year  with  the  electric 
means  of  propulsion.  You  will  readily  imagine  that  this  is  very  much 
in  favour  of  the  steam  locomotive.  I  think  a  few  years  ago  the  loco- 
motive took  from  29  to  30  lbs.  of  coal  per  ton-mile ;  now  it  takes  from 
50  to  51  lbs.    A  few  years  ago  wages  were  very  much  lower  than  they 
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This  is  a  case  ■bete  6»  impartaiiice  nf  the  mflmer  cjC1>  for  :>>c  xwr 
best  opinions  of  tbe  eiectrkatl  vorid.  and  I  h:i^  rhs£  d>c:<)t  rn^^U  >< 
given  very  freely  doriii^  the  dwcpffaop. 

I  am  pQu-ticalaiij  appieciiaiTe  of  this  psg^er.  as  I  h&\^  dcs^^i^^K^  JUd 
electrical  raihray  i6o  mDes  loog  wortxd  irctni  ihree  <sjaK>n$  aff«vy\> 
mately  40  miles  apart  This  is  a  Txans-Hiruilxran  Hne,  aitd  to  he 
worked  by  water-power.  In  tbe  coarse  ci  studriz^g  the  prx^kcf ,  it  TOis 
necessary  to  prepare  data  lery  similar  to  those  given  in  Mr,  L:knj^lon'$ 
Table  IV.  If  I  had  had  thaut  table  before  me  it  wx>ald  have  j<T^At)y 
facilitated  my  labours.  It  happens  that  I  <fid  prepare  my  timc^ANc  oC 
trains  on  lines  very  similar  to  those  followed  by  Mr,  Langdoo.  One  of 
the  first  points  which  I  have  noticed  is  the  extraordinary  di$crepAiicy 
between  the  horse-power  taken  by  the  trains,  as  calculated  for  in 
adumn  4,  and  the  actual  horse-power  of  the  locomotives  when  \KX>rkii)|{ 
to  their  maximum  efficiency  >  in  fact  this  descrepancy  at  once  cxciKni 
the  interest  of  us  electrical  engineers,  who  have  so  long  been  accus* 
tomed  to  talk  about  the  load-factcn*  of  our  steam  engines,  and  the  ctfei^t 
diat  it  has  on  their  economical  efficiency.  It  is  evident  that  tho  com* 
paratively  small  load-factor  of  a  steam  locomotive  working  an  oi'dinary 
railway  is  most  probably  one  of  the  causes  why  the  locomotive  whtcl\, 
taken  as  a  whole,  i.e.,  boiler  and  engine  together,  ought  to  be  an 
economical  machine,  is  not  in  practice  found  to  be  really  economical. 
This  small  load-factor  also  explains  why  the  introduction  of  compound 
steam  locomotives  has  been  so  delayed,  and  its  economical  advanlagoa 
are  even  now  disputed  by  some  locomotive  engineers. 

Mr.  Langdon  shows,  and  it  is  evidently  the  case,  that  the  nubntitU' 
tion  of  fixed  stations,  from  each  of  which  the  power  required  for  iovoral 
trains  would  be  supplied,  must  be  a  means  of  improving  tho  IomI* 
factor  of  the  generating  plant  which  supplies  that  Aection  of  tho  lino. 

Turning  to  another  point,  that  of  the  wages,  which  Mr.  Langdon 
shows  is  a  very  important  item  in  the  cost  of  working  Htoam  locoino. 
tives.  I  do  not  think  he  is  quite  fair  to  the  electric  locomotive  wh4«n 
he  debits  it  with  the  same  wages  as  the  >team  locomotive*  No  dotiM 
he  is  wise  in  thinking  that  at  fir^t  there  would  b€  no  gre;it  •Mvlntf  on 
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this  head,  and  that  if  the  directors  of  aii  electric  railway  attempted  to 
economise  in  this  direction  the  public  would  be  alarmed,  and  would 
imagine  that  unskilled  men  were  employed.  But  I  wish  to  point  out 
that  the  drivers  of  steam  locomotives  are  exceptional  men  and  have  to  be 
paid  an  exceptionally  high  rate  of  wages,  because  they  are  not  only 
men  of  great  nerve  and  judgment,  as  regards  the  mere  driving  of  their 
trains,  observing  signals,  and  other  matters  which  affect  the  safety  of  the 
travelling  public,  but  they  have  to  combine  with  this  a  highly  skilled 
training  in  the  management  of  the  locomotive  as  a  power-producing 
machine.  I  refer,  of  course,  to  the  best  methods  of  working  the  steam, 
times  of  firing  the  boiler,  and  other  things  necessary  to  get  the  highest 
duty  out  of  the  boiler  and  steam  engine.  Now  the  driver  of  the 
Electric  locomotive  need  only  be  skilled  in  the  first  part  of  these  duties, 
and  this  fact  alone  ought  to  reduce  the  rate  of  wages  paid. 

I  will  touch  on  another  point,  and  that  is  the  question  of  repairs  of 
the  locomotive  machinery.  I  think  these  will  be  far  hghter  in  the  case 
of  the  electric  than  can  ever  be  the  case  with  a  steam  locomotive.  For 
instance,  the  points  at  which  wear  takes  place  to  the  greatest  extent, 
and  which  cost  most  to  repair  and  keep  in  order,  are  the  sliding  surfaces 
exposed  to  the  weather,  dust,  mud,  rain,  etc. ;  these  sliding  surfaces,  such 
as  those  of  the  piston-rods,  guide-bars  and  links  of  the  steam  locomo- 
tive, are  absent  in  the  electric  locomotive.  The  friction  surfaces  of  the 
electric  locomotives  are  confined  to  journals,  and  these  can  be  far  more 
easily  protected  from  the  weather  than  the  sliding  surfaces.  Again, 
the  locomotive  boiler,  excellent  though  it  be,  costs  far  more  money  to 
maintain  than  the  stationary  boiler  of  the  electric  system.  Again, 
I  think  that  the  substitution  of  driving  by  a  large  number  of  axles  on  the 
train  will  greatly  reduce  the  weight  on  these  driving-wheels  necessary' 
to  obtain  adhesion,  and  this  will  very  greatly  reduce  the  cost  of  renewal 
of  the  permanent  way. 

While  on  this  matter,  I  must  point  out  that  Mr.  Langdon  has  not 
made  a  point  for  the  electric  system  which  he  might  have  made.  I 
think  there  are  signs  that  in  the  future  our  steam  locomotives  will  be 
overloaded,  i.e.,  they  cannot  be  made  big  enough  and  powerful  enough 
to  haul  the  traffic  at  the  required  speed  ;  they  are  limited  b)^*  the 
gauge,  position  of  platforms,  bridges,  etc.  Already  in  some  cases  the 
diameter  of  the  driving-wheels  must  be  reduced  in  order  to  get  in  over- 
hanging boilers,  so  that  some  modern  locomotives  are  becoming  like 
camels  (at  least,  I  think  that  this  is  what  locomotive  engineers  are 
calling  them). 

Again,  they  are  limited  in  length  by  the  existing  turn-tables.  All 
these  are  signs  that  the  steam  locomotive  power  has  reached  its  limit, 
and  it  is  only  by  distributing  our  motive  power  over  a  considerable 
proportion  of  the  train  itself  that  we  can  increase  the  driving  power 
and  hence  the  speed.  I  think  this  is  a  strong  argument  in  favour  of 
the  introduction  of  the  electric  system. 

The  Chairman  announced  that  the  scrutineers  reported  the 
following  candidates  to  have  been  duly  elected  : — 
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Members : 
Herbert  Broadbent.  |      John  Somerville  Higfafield. 

Associate  Members : 

James  Anderson.  |      Arthur  Woodroffc  Manton. 

Marcus  Nash. 

Foreign  Member: 
Otto  Peder  Krogh, 

Associates : 
Harry  Watkins  Kimber.  Arthur  H^ry  Pook. 


Thomas  Mills. 


David  Shanks. 


Students  : 


William  Beale  Cole.  |      John  Marshall. 

Ernest  Ferdinand  Motta. 
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The  Three  Hundred  and  Fifty-Third  Ordinary  General 
Meeting  of  the  Institution  was  held  at  the  Institution 
of  Mechanical  Engineers,  Storey's  Gate,  Westminster, 
on  Thursday  evening,  December  6th,  1900,  Professor 
John  Perry,  F.R.S.,  President,  in  the  Chair. 

The  minutes  of  the  Ordinary  General  Meeting  held  on 
November  29th,  .1900,  were  read  and  confirmed. 

Donations  to  the  Building  Fund  were  announced  as 
having  been  received  since  the  last  meeting  from  -  Mr. 
A.  T.  Snell  and  Mr.  T.  Mills,  to  whom  the  thanks  of  the 
meeting  were  duly  accorded. 

Messrs.  H.  L.  Leach  and  W.  H.  Merriman  were  appointed 
scrutineers  of  the  ballot  for  new  members. 

.Resumption  of  Discussion  on  Paper  by  Mr.  W. 
Langdon,  Vice-President,  on  the  ''Supersession 
OF  THE  Steam  by  the  Electric  Locomotive.' 


i» 


Hamm  nd  ^^'  ^^^^^"^  Hammoxd  :  I  think  we  must  all  be  struck  in  reading 

this  most  valuable  paper  of  Mr.  Langdon' s  at  the  immense  new  field 
which  he  is  opening  out  for  the  young  as  well  as  the  old  electrical 
engineers.  One  cannot  help,  when  viewing  this  vast  field,  being 
reminded  of  the  great  achievements  that  our  modest  force  of  elec- 
tricity has  made  in  the  past.  All  must  have  enjoyed  the  speech  made 
by  Sir  William  Preece  in  the  discussion  on  Mr.  Gavey*s  paper,  when  he 
pointed  out  that  more  than  twenty-five  years  ago  the  Institution  mar- 
velled over  the  great  discoveries  that  were  being  made  in  the  application 
of  electricity  to  the  telegraph,  and  how  every  new  invention  succeeded, 
by  the  utilisation  of  the  wires  then  in  existence,  in  very  greatly  enlarging 
the  power  of  the  electric  telegraph.  I  was  not  a  member  of  this  Institution 
in  those  days,  but  I  can  quite  accept  Sir  William  Preece's  account.  It  is, 
however,  within  my  memory,  and  within  that  of  many  in  the  room,  that 
our  members  generally  were  astonished  to  know  that  electricity  was 
going  to  compete  for  lighting  with  the  great  gas  industry'.  WTien  the  bold 
conception  was  started  that  we  should  be  able  to  distribute  electricity 
from  a  centre  and  use  it  for  lighting  our  houses,  those  of  us  who  were 
pioneering  that  movement  were  much  scoffed  at.  Well,  the  journal 
of  Gas  Lighting  notwithstanding,  we  have  lived  through  that  period, 
until  we  are  beginning  to  consider  that  it  is  a  matter  of  astonishment 
that  there  is  still  a  gas  light  in  existence.  Then  some  few  said,  "  If  wc 
can  distribute  energy  for  doing  away  with  gas  lighting,  why  not  dis- 
tribute it  for  the  utihsation  of  our  factories  ? "  and  last  year  we  have 
seen  the  first  great  step  that  has  been  made  in  the  passing  of  those 
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i|;  1L  oaz  arnt  ^»ci:  *  miiy:  ofcr  S:  ofc-xv,  ^n»v 

He  docs  not  hrsiratf  tr  sagps:  oeratr  iiKCb>d-  *t  JCTTvrxrvXf;  ji'^*  ^*iv. 

tribotioo  <rf  iirrliicjJ  eacrfT-,    He  icc^  obc  ibc  CJLn::jC  ^^-:Uy  *'V50>  ^^v 

bchcose  wifl  cost.    He  dais  virt  jb  Actsai  »:t  xnuo  oe  >'x\    H^  ^vv 

into  the  qocstkn  ai  ham  he  «aald  piaoc  hi>  :»S<>«j£x\rx  hT>  f^^mMV 

and  his  scooodaiT  votoge,  mad  be  worts  ocfi  xbc  cii|^u)  cwst.     Tlwtt 

seems  to  me  a  very  practical  «vr  of  deahi^  with  a  |«af<r  oi  th>s  bvni 

Finally  he  compares  those  costs  with  the  costs  that  are^  and  ha\x  b«<^ 

for  so  many  years,  duly  recorded  by  the  steam  raiNoy^  and  he  ^h\^>^^ 

that  on  the  average  cost  of  a  large  somber  o£  years  he  i$  pref^ivvi  h^ 

show  a  saving  of  over  a  quarter  of  a  miOioo.   In  taking  the  a\n  a,^^  vnwI 

over  a  great  many  years  he  has  taken  a  figure  which  is  really  iu\t{\\>Mt^ « 

able  to  his  argument,  because  it  is  well  kno^i)  among  railway  n><'n  X\\M 

costs  have  tended  to  increase.    Mr.  Raworth,  in  a  particul^ily  tmpp\ 

speech  at  our  last  meeting,  deprecated  a  criticism  of  the  dctAiU  o(  M«  x 

Langdon's  scheme,  and  begged  us  to  confine  ourseh^cst  to  tho  lUmiu  iiU 

aspect.  Of  course  it  is  manifest  to  us  that,  as  far  as  the  Actiml  t)lrt'Oto« « 

or  railway  shareholders  are  concerned,  they  care  little  ahowt  tho  lUvthtuUt 

and  they  will  adopt  this  new  plan  or  not  accordingly  m  \\  will  lnctoii«(* 

or  make  more  certain  their  dividends.   But  I  cannot  follow  Mr.  Krtwoi  III 

in  his  suggestion  that  the  proper  way  of  dealing  with  Mr.  LrthK<tui)*« 

paper  is  to  deal  with  it  only  as  a  question  of  principle.    Ilr  tutu  Inlet  ItohMi* 

us  a  certain  scheme.    Mr.  Mark  Robinson,  for  InNtuttoo,  in  f)|u*MlnK  ^^i^ 

debate,  ventured  to  point  out  that  in  hi»  opinion,  itiHloiid  of  Imvt*  niu* 

central  station,  economy  might  be  obtained  by  having  homw  Hvc  ri*filri«l 

stations;  and  I  think  it  would  be  the  bent  compllmani  wo  roiild  pMy  \n 

Mr.  Langdon,  and  would  lead  to  the  moiit  practical  oitUtmu*  nt  fl»)« 

debate,  if  we  discuss  the  details  of  this  paper  Momowlmt  Uinitmi  ni  <  ^^m 

fining  ourselves  to  the  general  principte.    The  two  mNlfi  \ni\h\%  ttl  Mt, 

Langdon's  paper  which  we,  as  en^neert,  «hr>ukJ  c4m%UUr  mny  ^**♦ly  ^* 

ymmifd  up.    The  first  is.  Is  the  plan  of  runn\n$^  luU-iptuff^  tuilWfty* 

?  and  secondly,  Are  the  ««4imatif«  Ihul  h^  ^M^f  M 
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Hammond.  "^  ^^  connection  with  this  scheme  sound  or  not  ?  First,  with  regard 
to  the  feasibility.  I  think  we  may  unhesitatingly  let  it  go  forth  as  the 
opinion  of  this  Institution  that  that  plan  is  feasible.  I  think  we  have 
sufficient  data  before  us  to  say  unhesitatingly  that  full-gauge  railways 
can  be  run  by  electricity,  and  we  are  encouraged  to  say  that  because  it 
is  actually  being  done  at  the  present  moment  For  the  past  eighteen 
months  a  line  has  been  running,  as  many  members  know,  from  Burg- 
dorf  to  Thun — a  full-gauge  line  which  was  formerly  worked  by  steam 
locomotives,  and  is  now  being  worked  by  electric  locomotives.  That 
line  has  a  length  of  about  25  miles.  Comparing  it  with  the  plan  laid 
before  us  by  Mr.  Langdon,  I  may  recall  the  fact  that  the  primary 
voltage  there  is  4,000  volts,  and  the  secondary  voltage  is  750.  It  is 
4,000  volts  at  the  generating  station,  raised  up  to  16,000,  and  then  it  is 
lowered  down  to  750  on  the  3-phase  system.  In  addition  to  that  line, 
there  is  another  very  much  larger  line.  A  line  is  being  put  down  by  the 
Shuckert  Company  and  Ganz  Company  of  Buda-Pesth  for  about  70  miles, 
and  it  will,  when  it  reaches  Milan,  be  1 10  miles  long.  On  the  Burgdorf- 
Thun.line  the  sub-stations  are  placed  at  distances  of  two  miles  apart, 
whereas  on  the  Northern  Italian  line  they  are  at  distances  of  10  miles. 
There  the  extraordinary  plan  is  being  introduced  of  running  with  a 
primary  voltage  of  20,000,  and  reducing  it  only  to  3,000  on  the  motors 
on  the  car.  When  I  was  in  Buda-Pesth  a  short  time  ago,  I  had  the 
pleasure,  in  company  with  Mr.  Blathy,  of  running  over  the  trial 
portion  of  the  line.  They  have  laid  down  an  actual  track  and  are 
running  cars  upon  that  line,  where  the  primary  voltage  is  20,000  and 
the  secondary  voltage  in  the  car  is  3,000. 

With  regard  to  the  figures,  I  have  gone  very  carefully  through  them, 
and  I  consider  the  estimates  of  working  costs  are  sound.  I  consider 
that  the  points  thrown  down  by  Mr.  Robinson  are  worthy  of  considera- 
tion. We  must  remember  that  the  two  lines  I  have  referred  to  go  from 
a  central  station,  because  at  the  central  station  there  is  water.  Our 
problem  in  England  differs  from  the  problem  in  almost  every  part  of 
the  world  in  that  we  have  coal  apparently  at  7s.  ii^^d.  per  ton,  which 
can  be  easily  taken  to  the  point  where  it  can  be  best  used. 

The  The  President  :  Before  calling  on  Professor  Forbes,  I  will  ask  the 

"^^  ^"  Secretary  to  read  a  letter  received  from  Mr.  Hoy,  the  locomotive  super- 
intendent of  the  Lancashire  and  Yorkshire  Railway,  who  spoke  last 
week. 

Mr.  Hoy.  Mr.  H.  A,  Hoy  {commumcated) :  I  should  have  liked  an  opportunity 

to  point  out  to  Mr.  Langdon  a  misconception  on  his  part  which  occurs 
on  page  142,  in  which  he  says  :  "  The  main  gain,  however,  is  to  be  found 
in  the  economy  of  a  stationary,  as  against  an  itinerant  generator,  as  well 
as  in  the  fact  that  much  coal  is  consumed  by  goods  and  mineral  trains 
when  shunted,  and  by  all  trains  when  standing  at  stations,  the  whole  of 
which  would  be  saved  if  worked  by  electricity." 

I  beg  to  say  that  this  is  not  so  ;  in  fact,  very  much  the  reverse. 
Mr.  Langdon's  stationary  engine  would  be  continually  revolving,  and 
coal  will  be  consumed  to  produce  these  revolutions,  although  it  may 
not  be  doing  any  legitirP"*  *      On  the  other  hand,  with  a  loco- 

motive the  moment  it  'd  the  wheels  cease  to  revolve, 
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and  the  coasnmpdoa  of  fud  in  tbe  firebox  is  ai  n^tigible  quauitity,  Juxi  ^^  H^>>* 
the  condstioos  ai  economy  are  more  farxxirable  than  those  which  take 
plaK:e  in  the  domestic  fire-grate.  An  engine  driver  who  knows  his 
business,  when  he  is  pot  into  a  skiing  or  when  he  stops  for  any  length 
of  time,  closes  his  damper  and  opens  the  firehole  door,  thos  preventing 
all  draught  from  passing  throngh  the  grate,  a  course  of  treatment 
which,  if  continued,  would  result  in  the  fire  going  out  altogether. 

The  amount  of  power  derived  from  the  coal  consumed  in  a  loco- 
motive firebox  of  limited  area  is  so  great  that  the  fire  is  most  sensitive 
to  the  fluctuations  of  load,  hence  the  economy  ;  whereas  in  the  case  of 
fuel  being  burnt  in  large  stationary  boilers,  the  efFect  upon  the  fire 
when  the  load  on  the  stationary  engine  alters  from  maximum  to 
minimum  at  intervals  is  not  noticeable.  Again,  for  the  same  reason » 
due  to  this  elasticity  of  generative  power,  a  large  amount  of  coal  is 
consumed  in  getting  up  steam  and  a  proportionately  large  amount  of 
fuel  wasted  if  the  load  unexpectedly  goes  o£F  for  a  considerable  period. 

Professor  G.  Forbes  :  I  have  very  little  to  say,  and  that  may  make  it  EjjJjJJ** 
appear  that  I  seem  to  be  critical.  I  do  not  want  my  remarks  to  be 
considered  in  that  light.  Practically  my  criticism  would  amount 
almost  altogether  to  this  :  That  this  is  hardly  a  paper  to  be  brought 
before  this  Institution ;  it  is  of  too  general  a  character.  It  evidently 
has  not  been  worked  out  in  its  full  details.  The  various  methods  by 
which  the  work  could  be  done  have  not  been  considered,  nor  have  the 
details  of  cost  been  at  all  accurately  gone  into.  It  docs  not  matter  in 
the  slightest  that  the  result  obtained  with  a  stationary  engine  is  cheaper 
than  with  a  locomotive,  which  is  practically  the  result  arrived  at  in  this 
p^>er.  All  I  wish  to  say  is  that  if  Mr.  Langdon  had  read  this  paper 
before  the  Society  of  Arts,  or  before  some  popular  audience,  or  had 
published  it  in  some  more  popular  form,  it  would  have  deserved 
approval  in  every  way,  because  it  draws  attention  to  a  subject  which 
has  been  interesting  engineers  for  a  large  number  of  years,  and  whicli, 
although  not  novel  to  those  who  happen  to  be  engaged  in  those 
subjects,  is  novel  doubtless  to  a  large  number  of  people  generally 
interested  in  the  matter.  I  have  said  that  the  subject  is  an  old  one 
which  is  well  known  to  all  those  who  have  been  engaged  in  discussing 
the  question  of  the  electric  working  of  railways.  If,  in  elucidating  this 
point,  I  draw  attention  to  the  work  that  I  liave  done  myself  on  the 
subject,  it  is  not  in  the  least  with  the  idea  that  I  stand  alone.  The 
particular  point  that  has  been  raised  to-night  in  Mr.  Langdon's  paper 
has  been  common  conversation  among  us  all  for  the  last  quarter  of  a 
century.  You  will  find  that  the  only  facts  in  the  paper  before  us  that 
have  not  been  available  for  everybody  who  has  been  discussing  the 
question  for  the  last  quarter  of  a  century  are  the  number  of  trains  that 
are  passing  two  stations  on  the  Midland  Railway.  The  whole  of  the 
rest  of  the  facts  are  perfectly  accessible  to  everybody  who  has  been 
discussing  the  question.  And  here  let  me  point  out,  while  alluding  to 
those  two  stations,  that  Mr.  Langdon  has  chosen  the  roost  favourable 
instance  that  was  within  his  cognisance  to  illustrate  the  electrical  side 
of  the  question.  A  most  important  point  has  been  drawn  attention  to 
in  the  letter  which  has  just  been  read  to  you,  namely,  that  no  such 
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Fc?^*^       system  for  suppl3riiig  electric  power  from  central  stations  can,  in  the 
nature  of  it,  pay  its  dividend  on  the  capital  invested  unless  you  have  a 
continuous  service  of  trains.    If  you  are  going  to  have  only  a  train  or 
two  an  hour,  or  a  train  every  two  hours,  the  stationary  engine  loses  a 
great  deal  of  its  benefit  during  the  idle  moments.    I  will  just  give  you 
some  idea  of  how  people  have  been  working  on  this  subject  for  many 
years.    I  do  not  in  the  least  wish  to  push  myself  forward  as  having 
done  anything  in  the  matter,  but  I  have  taken  a  note  of  the  things 
which  I  happen  to  have  been  at  work  on   in  connection  with  the 
subject.    I    first  drew  attention   to   the    desirability  of   introducing 
electric  traction  on  lines  of  railway  in  a  lecture  at  Glasgow  in  1879.     In 
1 88 1  I  communicated  to  the  Times  an  account  of  the  same  thing,  while 
in  the  following  year,  before  the  Society  of  Arts,  I  drew  attention  to 
the  same  subject.     Continually  from  that  time  onwards  myself  and 
others  who  are  interested  in  these  matters  have  been  discussing  this 
problem,  and  they  long  ago  arrived  at  the  conclusion  which  is  con- 
tained in  this  paper,  namely,  that  a  stationary  engine  uses  less  coal  than 
a  locomotive  engine.    After  that,  it  has  happened  that  in  the  ordinary 
course  of  one's  profession  I  have  been  obliged  to  investigate  very 
closely  the  different  methods  by  which  such  a  service  can  be  given. 
At  the  time  when  the  City  and  South  London  Railway  was  started,  Mr. 
Greathead  invited  me  to  report  on  the  different  methods  in  which  that 
railway  might  be  run.    You  remember  it  was  originally  intended  for  a 
cable  railway,  and  that  was  the  first  practical  case  which  I  had  to  deal 
with  in  which   figures  of  cost  and  working  expenses  were  wanted. 
Subsequently  I  did  in  a  rough  sort  of  way  do  something  in  the  United 
States  dealing  with  the  same  question.    During  the  years  1897-98  I 
was  employed  by  the  Egyptian  Government  in  surveying  and  reporting 
upon  the  capabilities  of  the  Nile  cataracts.    Lord  Kitchener,  then  Sir 
Herbert  Kitchener,  the  Sirdar,  consulted  me  about  his  desert  railway 
from  Wady  Haifa  to  Abu  Hamed.    I  pointed  out  to  him  that  after  the 
first  100  or  150  miles  had  been  laid,  out  of  every  four  trains  which  he 
would  be  sending  from  Wady  Haifa  to  railhead,  three  trains  would  be 
carrying  nothing  but  water  and  coal,  and  I  suggested  to  him  the  desira- 
bility of  introducing  stationary  engines  at  Wady  Haifa,  and  laying  down 
wires  to  work  electric  locomotives  to  carry  materials  for  construction. 
He  thoroughly  appreciated  the  idea,  and  would   undoubtedly  have 
carried  it  out,  but  time  was  pressing,  and  it  was  impossible  to  get 
materials  for  this  work  quickly  enough.    At  the  same  time,  while  I  was 
engaged  upon  this  service.  Sir  William  Garstin,  Assistant-Secretary  of 
Public  Works,  asked  me  to  pay  attention  to  the  feasibility  of  working 
the  Nile  railways  by  electricity.    In  that  case  I  had  to  go  extremely 
fully  into  the  details  of  capital  expenditure  and  working  expenses.    I 
have  had  to  work  on  the  conditions  of  other  railways  in  different  parts 
of  the  world  in  the  same  way.     In  1897  the  editor  of  the  Engineering 
Magazine t  whom  I  had  not  communicated  with,  happening  to  know 
that  I  had  done  something  in  this  way,  asked  me  to  write  an  article  for 
that  magazine,  and  I  wrote  a  very  popular  general  account  of  the  work. 
"  The  conclusions  derived  from  study  extending  over  many  years 
are  as  follows  : — 
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"  (^1 1  In  cases  wbcre  water  power  is  always  available  within  a  few  |S^*" 
hundred  miles  of  a  tnmk  line  of  railway,  it  is  probable  that  economy 
woold  be  served  by  introdncing  electric  traction. 

"  {2)  In  tbe  case  of  an  independent  system  (rf  railway  to  be  con* 
stmcted  in  a  new  country  utterh*  una£Fected  by  the  traffic  from  steam 
raOroads,  power  can  be  applied  to  every  axle  of  the  train  ;  wherefore  it 
win  be  eccmomical  in  sncb  a  case,  in  construction  and  in  operation,  to 
use  electric  propulsion  in  preference  to  steam. 

"(3)  For  desert  r*ulways,  wliere  water  cannot  be  obtained,  electric 
traction  is  eminently  suitable. 

"  (3)  In  underground  railways,  such  as  the  Baltimore  Tunnel  and 
the  London  underground  system,  where  economy  is  not  so  important 
as  convenience  and  comfort,  electricity  must  bt  employed  ;  and,  where 
such  railways  are  to  be  constructed,  economy  makes  electricity* 
advisaUe. 

"  (5)  In  cases  of  suburban  traffic  electricity  would  help  to  overcome 
the  competition  with  street  railways  by  supplying  the  public  with 
separate  and  independent  cars  running  at  very  frequent  intervals  on  a 
well-maintained  track." 

That  is  really  the  same  result  that  has  been  arrived  at  by  Mr. 
Langdon  and  by  many  others  in  looking  into  this  question.  Mr. 
Hammond  has  said  that  one  ought  to  look  into  the  question  of  the 
details  of  the  scheme  which  Mn  Langdon  has  put  before  us,  I  do  not 
think  Mr.  Langdon  would  daim  to  have  gone  really  into  all  the 
dififerent  ways  in  which  this  could  be  done,  otherwise  I  would  criticise 
the  paper  very  severely.  At  any  rate,  I  would  put  forward  very  opposite 
opinions  to  those  which  are  contained  on  page  133  : — 

"  Midway  in  the  fifty  miles  of  railway  is  the  central  station,  contain- 
ing four  2,500  kilowatt,  three-phase,  or  other  characteristic,  10,000  \t)lt 
generators..  At  this  pressure  current  is  distributed  to  sub*stations,  each 
serving  ten  miles  of  railway,  where  the  potential  is  converted  to  600, 
from  whence  it  is  carried  to  the  contact  rail.  Or  the  centre  ten-mile 
section  may  be  provided  for  by  direct-current  generators  scr\*ed  from 
the  same  steam  plant." 

I  can  only  say  there  is  not  a  single  item  there  which  seems  to  me  to 
be  the  right  thing  for  the  purpose.  I  know  it  is  not  fair  to  state  things 
in  that  general  way,  but  if  I  were  to  go  into  the  whole  methods  by 
which  I  consider  that  such  a  railway  ought  to  be  worked,  it  would  take 
up  far  too  much  time,  and  would  be  the  result  of  much  more  laborious 
calculation  than  the  paper  itself  has  been.  I  wish  also  to  say,  since 
Mr.  Hammond  has  said  we  ought  to  go  into  the  details  a  little,  that  I 
have  looked  into  some  of  the  figures  to  a  slight  extent.  I  have  looked 
into  the  ;£70,ooo  that  he  is  going  to  spend  on  his  go  and  return  rail. 
All  that  is  based  upon  600  volts  pressure,  upon  a  distance  serving  five 
miles  from  each  sub-station,  and  the  general  result  I  get  at  is  that,  if  it 
is  copi>er,  6"6  square  inches  would  be  required  to  give  10  per  cent,  drop 
at  the  midway  point,  which  I  understand  is  what  he  wants.  In  that 
case  the  total  expense  on  the  low-pressure  conductors,  if  I  have  under- 
stood the  paper  properly,  would  be  ;f  330,000  instead  of  £70,000  ;  but  I 
may  have  misunderstood  some  point  in  the  paper,  and  therefore  I  will 
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n«^t  .^v-  r.ionf^.     I   an  Jriirt    hat  I    ia»e    eemed  omre  cntical  ttian  L 

*ht»    -nh^A:  it  ar^e   I    ^vp   Oreoa'/    aid    c    vouid   :)e»LmD&€   idTnimhte 

par**r    n^^^-'t  'i*?anr.rulv  -.ir  .uia  exoressed.  ant  os  there  is  norr:niJ  :n  die 

parvr  *"^r  :\^  >~r  -leen  -ettir  lone   "ctore.  I  'Tardiv  ^nniit  :t  las  ^one 

-~'o    nnioKTtr   vrAi«.    -r    -;    -umcienilv    tf*fnTTn'  ror    he   Insttnition    Jt 

\fr   P   Mi*  ii  ftNT^'K"     1    iirnlv  j^ee  vitii    hit  .2si  -pcaicer  *h3t  :l  :5r 
inn«*ce*=«a<^-    o    teai    w:*-.    lecuii  .n  ^neM^  .natters.     I  rhink  the  chiei 
rv^mf"   ■*-%?    ^ne  :an    lea*  -nth    n   i  ;^aper   it  rhis  magnitode  are  the 
f**t'iiU   'f   ■•'iri"*'.'i  -A%Tr,*;i    viijcn  ^Ar.  LaiiijEtoii   las  pnt   Jetuic  us.      E 
pT'^pr-e   o  :oohne  nv^cii  .jeaenalrro   he  :oai  joasmmmon  that  ae  has 
-p^>pn   3f      r«"  r-^t   v   .li   ,aai  "wect  Lir.  Saworrh  touched  .ipon  what  I 
*>fnV  *v«**  .*  >enoc^  .nistifie  :n  jir.  Lan:^loirs  ni^nres.     He  tacided  Mr, 
L^T>^/>nS   ival  3iiJpnf,  .is  -nown  in  he  .ast  .:oi.:i7m  jt  "aJaie  No.  IV.,  and. 
^■^Td   h'lt  ie  .lad  ma^de  yai  pracricailr  lounie  ^fcai  immmt      He  did  not 
f<^!!o'^   hj^  *o  .fs  c-^nciiision.  rnt  Ji  Jiy  jinnion  :ie  Tas  right.     I  dunk 
>f*-.  L=i^^^n  ha<i  iatireir  ,inrter-estiniatea  rhe  -wtirk  an  lita^-y  railway !i 
'^^-rh   f*.    r^'i  !i5i\-e  :o  ieal  ^vah  :n  -team-toamottves.     If  you  look  at 
TiH»e  IV    -on  ntil  find  :he  ^oced  ^ven  Ji  *Jiti  lontih  ;niiimn,  die  load 
♦1   'he    MYib    and   :he  totai  :nichve  efcrr  ji  ±Le  ^vemh.      Efe  has 
-  ilr.il.fte'l  v>t  -lis  7rjc<n'e  Sdort  jn  ifonnuia  *^\iicn.  js  ilr.  ELnvorth. 
pofnte/l  >i*^    .s  f^ir!"  :^:MTect  for  oi^h  aoeedb,  Jut  ^  aot  correct  tor 
;*v».  -.p'^*;'^*^.     \f*yeA'-^r.  he  ih  assuming  a  pertiicri''  straight  road,  and 
,t  .'"•  *I  ^^,    These  :hmQi>  iti  act  e3Gst  in  pracnce-    Yjn  jave  in  realitr 
tMp,...rj  r-Vid*',  4n<i  yoo  have  heary  ^:iund  tc  ^^  over-     If  yon  divide 
*'n^  ^ri'^^i"^  eff'M-t  ^y  "he  lead  yoa  wil  and  miff:  Mr.  Langdon  grres 
'«;«  ,r>»r  tin^  r^J-i'iU      r{e  ^ys  he  is  ^^cung  3c  ieai  with,  a  nringra]  train 
.^*i'5   ;*  gr»^r^   tr^in   wit.i   a  restoianri*  at   only  5*  lb&     That  b  an 
;rysry^.,,K.;,r,^,  ,^  r^i'rvv/^  n  En-^Iand.     The  ':xhinary  ^ciHib^  train  polled 
ikm^  h'ts  4  -^-i^Mnc<».  '>^  at  least  :.:i  Irs,  -a  a  itraig^c  read,  but  on  an 
/•yr'n'T't''/  .rr-^c^./'ar  fv-id  rl\e  re^i stance  is  increased  encnnousiy.    The 
^r  rn  .'v»^  f^r  rr^  p'/vid  viprr.i;  ;  on  ^oiv.^  dcwTihiii  die  brakes  tnnst  be 
p^^t  ff^  m*'.**''-  '^   ;**>s.  ;^r.d  in  additwjn  :l:erc  a  rrequent  starting  and 
*^f^,'^'    ^,     K'-nry-  *,,*■   pM',^ver  ^ci'^er.  -vit  i-i  m-ica  lar^tir  than  the  aothor 
•^>''^       f<;   ff  p.  t/',  p.,,i  *c<,  rr,n^,     I  pr^co^e  to  take  my  facts  from 
Vf^    l-'firf'f./^f  >  p-.^^'f-r,  w'',H,r>,  ^N  Mr.  Lang'ion  retnarka,  is  most  Taloabte 
^/r  /*fr  fff/p,."/  ^^  '^f>  -''/Tf.     I  h-^'jc  taken  chiet!y  the  year  i!^92.    The 
ff/;/  ff ''"i   ff  A  i^w  «  in  Mr,  )^/r*nv>n  a  paper,  and  it  will  be  found  that  in 
f^f^f   /'fr   ,Vfr.  /''^o-^/Ti  <.fiir\u\  frit  for  the  Midland  Railway  Company 
;f  -Af  /.^  <^<^r^rim^rrf-;  fo  ftr^J  out  what  was  the  coal  consmnption  on 
ffi^nti^/r  frrit/r-;,  ^/»/kU  irAitt^,HTu\  mineral  trains.     The  figures  are  ail 
•  '*  ffiti  in  Vtt.  )ftffit<*ftf'<.  ^r,tpi;T,Hti€i  hc  givcs*  the  results  in  pence  per 
lt,*ni  fiiiU'      M'  hI^»  |/m  '  <  hi-i  /i^cfji^c  price  of  coal,  and  if  the  average 
th^i  ni  </mI  \u  I  fMiM  ifMl<    ^r  'liviflo^l  by  the  price  of  a  pound  of  coal, 
\hh  /tv^rrt^e*   I  iih<\m\\i\\tiu   Un   llic   three   classes  of   trains  is  found. 
V}i*^^i'H^f-t  li)i)iK  UfffU  A\tnui  y;  \h<K,  per  train -mile,  goods  trains  53  lbs., 
iht\  tnirtMfd  ItMhm  fis  )be.    'Ihrit  agrees  with  all  the  other  results  that 
U4V0  lM*eM  <»l»lrtftK'<1  t»h  ihIIw^v**  in  Kngland — there  are  dozens  of  cases. 
Mm  M    Wit^)  a  |Mip(M    Miifi  bifoic  the  Institulion  of  Civil  Engineers  in 
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1^95  ^  Messrs.  Adanv^  and  Pettigrew,  in  which  tbe\  gsiw  a  ^n  oj  «Li,^,^,j 
efaibocate  cxpcnmasts  oo  ftte  SootiHWestem  RaihKvy.  'Hmtt  m>ere 
tryii^  an  express  train,  and  took  diagrams  during  the  wbo^  ai  the 
mn.  They  f  oimd  there  witb  a  Uain  of  about  250  tons  weight,  that  it 
took  about  30  lbs.  of  coaL  It  was  a  fairhr  ea<y  route,  and  I  esqpect 
Welsh  coal  vas  nsod — in  fact  ther  say  sa  Mr,  Smith  read  a  ]>ftpcr 
before  the  Institution  cf  Medsamcal  Engineers  about  two  years  ;^«o  on 
a  similar  set  of  tests  on  a  Xorth-EUistem  express  'of  about  the  same 
wei^t — ^275  tons.  There  his  coal  coosomption  was  jd>oQt  40  Ibs^  a 
little  higher  flian  in  the  odier  case.  That  was  ordinary,  good  Norths 
Coimtry  coaL  Then  Mr,  Webb  on  the  Korth-Wcstern  took  a  party  of 
engineers  np  to  Crewe  with  one  of  his  compoond  engines.  Everything 
was  tested  pietly  dosely.  The  train  wdghed  420  tons,  and  the  coal 
consumption  was  abotxt  44  lbs.  per  tiain-milc.  All  these  £gares  aTcrage 
about  the  same  per  too-mile.  In  one  case  it  is  0^14,  in  another  0*105,  and 
on  the  Sooth- Western  about  o*ii  lb.  The  horse-power  obtained  was, 
on  the  Sooth- Western  eaqwess  very  nearly  600  H,P„  and  on  the  Xorth- 
Eastern  from  550  to  800,  which  averages  over  700.  Comparing  those 
figures  with  the  first  figure  given  by  Mr.  Langdon  in  his  table  of  477 
they  are  very  different,  and  I  shook!  say  a  train  of  that  weight  will 
require  an  average  horse-power  of  aboot  600  to  poll  it  along.  Ordinary 
passenger  trains  and  empty  coaches  require  very  little  less  power, 
because  they  are  alwa3rs  starting  and  stopping,  and  there  is  much  to 
be  done  in  acceleration.  For  a  train  of  that  dze  you  should  not,  at  a 
moderate  estimate,  have  less  than  350  H.P.  In  the  next  case,  Mr, 
Lan^on  puts  down  295  H.P.  for  a  train  of  400  tons  at  a  speed  of 
35  miles  an  hour.  It  is  more  likely  to  be  over  400  H.P,  A  mineral 
train,  according  to  Mr.  Johnson's  figures,  burning  roughly  the  same 
amount  of  coal,  would  come  out  at  about  400  H.P.  Any  locon\otivc 
superintendent  would  say  that  a  mineral  train  of  that  weight  would  not 
take  less  than  400  H.P.,  and  he  could  probably  prove  it  by  diagrams  if 
he  chose.  Taking  these  results,  we  get  6,100  H.P.,  instead  of  the  total 
horse-power  which  Mr.  Langdon  has  got  in  his  last  column  but  one. 
That  agrees  fairly  well  with  what  Mr.  Raworth  has  said.  The  net  result 
is,  that  the  power-houses,  instead  of  giving  about  5,000  kilowatts^  would 
have  to  give  nearly  9,000. 

Generally  speaking,  I  should  say  that  Mr.  Langdon  has  under- 
estimated the  whole-  of  his  power,  and  that  he  would  require  an 
output  of  nearly  double  what  he  has  mentioned.  Putting  it  at  9,000 
for  the  moment,  I  am  afraid  the  coal  consumption  of  30  lbs.  per 
train-mile  will  go  up  considerably — it  goes  up,  in  fact,  on  my  figures  to 
57.  Mr.  Langdon,  again,  calculated  on  the  consumption  of  3  lbs.  per 
kilowatt  at  his  power-house.  We  have  not  got  that  yet  oven  in  tht 
steadiest  load  of  any  power-station  in  England  ;  but,  on  a  railway,  the 
load  is  not  a  steady  load.  Mr.  Langdon  has  an  average  of  about  four* 
teen  trains  passing  through.  The  power  they  take  varies  enormously 
from  time  to  time,  and  a  large  compound  engine,  however  good  It  may 
be,  cannot  work  economically  with  a  load  that  varies,  we  will  say,  from 
60  up  to  140  per  cent.  I  have  known  a  railway  vary  from  50  to  150  per 
cent,  on  its  average.    You  cannot,  under  those  circumstances,  expect  I 
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Hudiest    J  generate  your  power  for  as  low  a  coal  consumption  as  3  lbs.   I  am  sure, 
at  least  under  our  present  knowledge  of  steam  and  everything  else,  that 
something  like  4  lbs.,  or  ^i  lbs.  per  kilowatt,  >vould  be  used.    That 
brings  up  the  consumption  to  85  lbs.  per  train-mile,  instead  of  50,  as  in 
the  case  of  the  Midland  at  present.    There  are  several  electric  railways 
in  England,  and  two  of  them  I  know  well.    Both  of  them  have  com- 
pound  condensing  engines  in  the  power-houses ;   both  of  them  have 
more  trains  per  hodr  than  Mr.  Langdon  has,  and  it  is  found  that  their 
coal  consumption  does  not  compare  favourably  with  that  of  the  Metro- 
politan District  Railway.    The  coal  consumption  of  these  railways  has 
been  stated  at  various  times  from  0*4  up  to  0*5  lb.  per  ton-mile.   I  think 
Mr.  Cunningham  last  week  gave  J  lb.  as  the  rate  for  the  Central 
London,  and  about  0*4  lb.  for  the  Overhead  Railway ;  but  Mr.  Cun- 
ningham was  perhaps  a  little  beyond  the  mark  in  his  figure.     Yet 
taking  0*4  lb.  for  the  work  done  on  these  railways,  you  cannot  at 
once  compare  with  the  kind  of  railway  that  Mr.  Langdon  has  spoken 
of,  because  they  are  for  short  distances,  with  frequent  starting  and 
stopping,  and  have  to  do  an  enormous  amount  of  work  in  accelerating. 
But  the  Underground  has  much  the  same  conditions  of  traffic.    It  is 
practically  level  from  station  to  station,  and  has  no  switchbacking. 
The  Liverpool  Overhead  Railway  is  almost  the  same :   it  has  one 
switchback  length  in  its  line.    On  the  Central  London,  which  runs  at  a 
much  higher  speed  than  the  other  two,  switchbacking  does  something 
like  thirty  per  cent,  of  the  whole  power  required  to  pull  a  train  from  one 
end  to  another  at  that  speed — that  is,  the  switchbacking  does  most  of  the 
work  of  accelerating.  Therefore  I  say  one  may  take  these  two  railways, 
the  Central  London  and  the  District,  as  a  very  fair  comparison  of  what 
can  be  fairly  well  done  now  by  electrical  engineers.     The  District 
Railway  does  its  work  at  32  lbs.  per  train-mile  ;  the  Metropolitan  does 
it  at  36.    The  weight  of  the  train  is  about  135  or  140  tons,  very  nearly 
the  same  as  the  Central  London,  and  that  works  out  at  rather  less  than 
i  lb.  per  ton-mile.    The  District  Railway  uses  the  best  coal  it  can  get, 
simply  because  of  the  fumes  that  are  given  out.    I  do  not  think  you 
can  fairly  claim  that  the  difference  between  0*4  and  0*25  lb.  is  entirely 
due  to  the  South  Wales  coal,  though  I  would  ascribe  a  certain  amount 
of  it  to  that.  I  think  that  the  electric  railways  I  am  dealing  with,  if  they 
were  burning  good  South  Wales  coal,  would  probably  get  down  to  very 
nearly  0*3,  but  they  would  have  a  difficulty  in  getting  past  025  lb.  This 
agrees  pretty  well  with  what  I  put  down  for  the  figures  on  this  ideal  rail- 
way. I  think  m}-self  that  Mr.  Langdon  has  under-estimated  it  considerably. 
With  our  present  know*ledge  of  electricity  and  steam,  I  do  not  see  how 
one  can  expect  to  get  an  economy  of  that  sort.    I  believe  in  a  very 
short  time  we  may  get  down  to  the  same  coal  efficiency,  but  I  do  not  think 
it  will  be  surpassed,  and  therefore  I  think  that  this  particular  economy 
must  be  wiped  off  the  sheet.    After  that,  I  admit  all  the  other  things 
arc  an  adx'antagc — the  electrically  driven  lines  are  cleaner,  and  sweeter, 
and  the  hauling  is  more  regular.   The  dirt  is  got  rid  of,  and  there  is  not 
the  same  wear  and  tear.    As  regards  repairs  and  so  forth,  we  have  had 
no  experience  jxt  to  judge,  but  Mr.  Langdon,  fairly  enough,  assumed 
that  Ihcy  will  be  about  the  same.    I  think  the  coal  economv  is  not 
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proved  m  the  least  ami  tixat  many  of  the  other  ^catuaaic^  jkHU  hardly  H^^^ 
stand  dose  inqmnr*    Fjirti  jMrtimferr  item  of  Mr.  Jjaa^datx  i>  paper — ^I 
do  not  agree  at  all  vitfa  the  last  speakrF — !»  u'mihv  of  cntirisna 


Mr.  A.  A.  C  SwiKTOK  :  I  would  like,  ai  the  outset,  to  sht  J  do  not  y^.  ^ 
agree  vitfa  PnsfesQr  Forfaes  ibat  thi^  is  a  paper  not  suited  to  th2<  Iih 
stitatioii.  I  tfan^  thai  it  is  oot  only  emmeidiy  soitBd,  bm  thai  ii^  i^  one 
ai  the  siost  xafcerestn^  aiBl  soggestive  papers  we  hav:e  had  for  a  \wry 
long  time.  About  a  year  ago  I  had  a  convecsatioii  in  London  "with  a 
very  rmmmt  AuChoiiU  npon  mitUei^  of  thi^  land — Hr.  Geox^  Westings 
boose ;  and,  as  far  as  I  ccmld  gather,  he  did  not  appear  to  contemplate 
the  possibility  of  &e  Jidoptian  of  eksdrici^  for  diiving  trams  xq>cm 
main  lines.  He  llmi^rt  &at  very  shorthr  sabmiKm  tia&c  woold  be 
almost  eatifely  done  electrically,  but  he  did  not  seem  even  to  hove 
contempbted  tiie  use  of  electricity  f  cb*  diiviug  trains  on  main  lines, 
socfa  as  is  -dealt  with  in  this  pag^er  by  Mr.  Ijmgrtnn  Only  about 
a  year  ago  I  bad  oocasaoo  to  look  into  this  qnestion  in  connection  with 
a  contemplated  railwatT,  and  made  some  estimates  as  to  wiiat  the  scheme 
would  cost  Carioe^  mcm^  the  line  w:is  to  be  esacthr  the  same 
length  as  that  portion  of  the  Ifidland  Railway  which  Mr.  Langdon  has 
taken  as  his  basis  in  the  paper  before  ns — it  was  just  ocer  fifty  miles. 
After  a  careful  compntation,  I  came  to  tbc  candnsion  that  the  total  cost 
of  the  equipment  would  be  &tle  more  than  Mr.  Langdon  has  stated — 
namely,  just  over  £s^/X3o;  bat  there  the  resemblance,  I  am  sorry  to 
say,  ceases.  I  most  confess  that  I  cannot  miderstand  Mr.  Lai^gdOQ*s 
figures  in  regard  to  the  subject  to  whidi  Professor  Forbes  has  already 
drawn  attentioa.  I  caimot  understand  bow  be  is  to  make  die  necessary 
arrangement  for  cables  and  contact-rail  for  ;^i40/xx>,  and  I  think  it 
would  be  very  interesting  if  Mr.  Langdon  would  give  us  further 
details  as  to  what  is  included  in  those  two  items.  In  mv  case,  the 
power  was  much  less,  as  there  were  fewer  trains  running  at  one  time; 
and  although  my  total  came  to  very  much  the  same  as  Mr.  Langdon's, 
a  much  smaller  proportion  was  represented  by  generadng  plant,  and  a 
very  much  larger  proportion  by  plant  for  distribution,  by  whidi  I  mean 
cables  and  "trolley  wires." 

There  is  one  way  in  which,  I  think,  some  econ<Hny  might  be  derived 
of  which  Mr.  Langdon  has  not  taken  advantage.  Mr.  Hammond 
mentioned  a  railway  where  they  are  going  to  employ  3,000  X'olts  upon 
the  motors,  and  I  do  not  know  anything,  except  perhaps  the  rules  of 
the  Board  of  Trade,  to  prevent  the  use  of  a  considerably  higher  voltage 
than  600  upon  the  motors ;  and  if,  in  addition  to  using  higher  voltage» 
on  the  motors,  we  can  also  successfully  use  three-phase  motors  and  bavc 
the  rotary  transformers,  there  will  not  only  be  a  considerable  saving  In 
capital,  but  there  will  also  be  an  increase  in  efficiency,  and»  mofe 
important  still,  there  will  be  no  necessity  for  any  assistants  at  the  sub* 
stations.  Rotary  transformers  necessitate  the  employment  of  asslstantRf 
but  static  transformers  can  be  shut  up  and  left  to  thcmsolvcs^  and  that 
will  make  a  considerable  difference  in  the  cost  of  running  the  concern. 
The  evening  this  paper  was  read,  I  happened  to  meet  Mr.  Charleji 
Brown,  and  thinking  it  a  favourable  opportunity  to  ask  hlfn  about  (he 
Burgdorf-Thun  Railway,  I    inquired    whether,  if    he    hsu\  to  equip 
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¥**:  electrically  a  main  line  in  this  country,  he  would  use  the  same  system  ; 

and  he  replied  that,  unless  there  were  any  very  exceptional  circum- 
stances which  did  not  occur  to  him  at  the  moment,  he  should  certainly 
use  three-phase  motors,  and  not  continuous-current  motors  and  rotary 
transformers. 

The  question  raised  by  Mr.  Robinson  as  to  whether  there  is  economy 
in  large  stations  is  a  very  important  one.  Some  of  us  spent  many 
weeks  last  year  in  trying  to  persuade  a  Committee  of  the  House  of 
Commons — and  we  did  persuade  them — that  there  was  economy  in 
large  stations.  If  there  is  no  such  economy,  I  can  see  no  advantage 
in  Electrical  Power  schemes.  Some  people  seem  to  think  that  the  whole 
matter  is  merely  a  question  of  how  many  pounds  of  coal  are  required 
to  produce  a  horse-power  in  an  engine ;  but  the  coal  expenditure  is 
but  one  item  out  of  many.  There  is  the  question  of  capital  cost.  Does 
Mr.  Robinson  suggest  that  a  station  for  10,000  kilowatts  costs  ten  times 
as  much  as  one  for  1,000  kilowatts  ?  [Mr.  Mark  Robinson  :  It  costs 
twice  as  much  as  one  for  5,000  kilowatts.]  I  cannot  concede  even 
that.  In  dealing  with  10,000  kilowatts  you  can  afford  to  do  all  manner 
of  things  that  you  cannot  with  1,000,  and  which  you  cannot  do  so  well 
with  5,000  kilowatts.  At  the  end  of  three  weeks  the  condition  of  the 
mind  of  the  Committee  to  which  I  have  referred  was  that  at  about 
10,000  kilowatts  the  rate  of  increase  in  economy  began  to  slack  o£F.  But 
that  is  not  my  opinion.  I  should  not  be  inclined  to  put  it  below  50,000 
or  100,000 ;  indeed  I  am  not  sure  you  can  put  it  anywhere.  The 
bigger  the  plant  is,  the  easier  it  is  to  arrange  all  manner  of  different 
economising  devices,  such  as  superheating,  coal-conve5ring  apparatus 
and  the  like. 

I  would  also  like  to  ask  how,  with  stations  all  along  the  line  (as  Mr. 
Hoy  suggests,  with  stations  about  every  mile),  a  constant  load  is  to  be 
obtained.  Each  station  will  be  working  for  about  five  minutes,  and 
then  it  will  have  to  shut  down.  A  constant  load  can  only  be  ensured 
by  ha\4ng  one  station  to  work  a  great  length  of  line,  and  it  is  only  by 
securing  a  constant  load  that  proper  economy  can  be  obtained. 

Mr.  Walton.  Mr.  A.  H.  Walton  :  I  cannot  agree  with  my  friend  Mr.  Hammond, 
who  has  previously  spoken,  that  everything  is  just  as  it  should  be  in  this 
paper.  Mr.  Langdon  has  certainly  put  it  before  us  in  a  very  broad 
manner,  but  I  think  he  has  got  wrong  over  his  tractive  effort.  His 
figures  for  mechanical  horse-power  are,  as  Mr.  Hudlestone  said,  far  too 
low.  I  will  give  you  an  instance.  Take  his  express  train  having  a  H.P. 
of  477.  That  works  out  as  low  as  26  w*att-hours  per  train-mile.  I  do  not 
think  it  has  ever  been  done  yet  at  that  figure.  The  best  we  know  of  up 
to  the  present  time  is  a  little  under  40  watt-hours  per  train-mile.   Moles- 

V 

worth's  formula,  defining  the  resistance  as  lbs,  per  ton  = }-  8,  level, 

gives  a  tractive  effort  for  that  express  train  of  22*6  pounds  per  ton,  which 
is  somewhere  near  Mr.  Hudlestone's  figure.  Mr.  Hudlestone  mentioned 
the  figiux'  of  837  against  Mr.  Langdon's  477.  If  we  go  still  further,  and 
w»ork  out  the  watt-hours  per  train  mile,  Mr.  Langdon's  come  out  at  26, 
whereas  Molesworth's  come  out  at  44'8,  which,  I  think,  is  near  the  mark. 
I  think  you  will  agree  with  mc  that  Mr.  Langdon  has  altogether  under- 
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estimated  the  power  required  for  the  tractive  effort  It  is  true  his  *'*'•  Waiton. 
comparisons  are  with  actual  data  at  his  disposal  in  Mr.  Johnson's  paper, 
that  is  to  say  a  mechanical  H.P.  costs  so  much  a  train-mile  with  a  given 
weight,  but  he  has  had  to  estimate  the  electrical  side  of  the  question, 
and  his  estimate  is  altogether  too  low ;  indeed,  I  think  with  Mr. 
Hudlestone,  it  ought  to  be  wiped  off  the  sheet.  With  regard  to  Mr. 
Langdon's  statement  on  the  question  of  coal,  he  has  put  down  3  pounds 
per  kilowatt-hour;  but  I  agree  with  Mr.  Huddleston  that  from  4*5 
poands  to  5  pounds  would  be  considered  fairly  good  in  practical  work- 
ing. I  think  we  shall  be  very  well  satisfied  if  we  get  it  in  the  many 
projects  that  are  before  us  and,  at  the  same  time,  reduce  some  of  the 
stations  that  are  already  running  to  that  figure.  I  do  not  think  3 
pounds  per  killowatt-hour  has  ever  been  accomplished.  Mr.  Cunning- 
ham told  us  that  on  the  Central  London  Railway  the  watt-hours  per 
train-mile  were  70,  irrespective  of  the  lifts  and  lighting.  Ever  since  we 
completed  that  line  under  Mr.  Hudleston's  supervision  we  have  been 
watching  it  very  carefully,  and  we  find  that  the  watt-hours  per  train- 
mile  are  64*9  actually  generated  for  everything,  and  we  find  an  average 
at  the  third  rail  during  the  last  two  months  of  50  watt-hours  without  the 
lighting  of  the  train.  That  average  has  been  checked  by  one-second 
readings  during  three  or  four  runs  with  the  motor  from  the  Bank  to 
Shepherd's  Bush  and  back,  and  the  figures  actually  came  out  at  49*5 
after  checking  instruments,  so  that  I  do  not  think  we  are  far  wrong. 
Mr.  Cunningham  also  told  us  that  the  coal  was  0*5  lb.  per  ton-mile. 
Mr.  Hudleston,  I  think,  has  already  said  something  in  reference  to 
this.  In  watching  this  point  we  found  that  the  actual  coal  per 
kilowatt-hour  was  0*44  pounds,  which  works  out  at  6*6  pounds  per 
kilowatt-hour.  That,  of  coiu-se,  is  high.  Here  I  would  venture  to 
suggest  that  we  seem  to  be  talking  in  the  dark  on  this  question  of 
coal.  We  heard  Mr.  Hudleston  speak  of  what  can  be  accomplished 
with  Welsh  coal,  and  he  said  that  we  could  not  get  down  to  a  particular 
point  if  cheaper  coal  were  burnt ;  but  in  this  instance  it  is  entirely  due 
to  the  very  cheap  fuel  which  is  being  used.  I  venture  to  suggest  that 
if  we  could  standardise  this  question  and  speak  of  the  cost  of  the  coal, 
and  not  of  the  weight  of  the  coal,  it  would  be  much  better.  We  are  all 
burning  different  kinds  of  coal,  and  no  one  gives  the  calorific  value. 
One  is  burning  Welsh  coal,  and  another  is  burning  practically  dirt. 

There  is  just  one  other  question  I  should  like  to  touch  on.  On  page 
135  the  author  suggests  2i  per  cent,  leakage  on  his  line,  which  I  consider 
is  very  excessive.  Taking  the  five  sections  given  at  Figure  2,  that 
amounts  to  35  amperes  per  section,  or  on  the  total  line  170  amperes,  and 
taking  the  resultant  of  the  E.M.F.  over  the  current  which  is  passing 
through,  we  get  the  most  extraordinarily  low  insulation  result  of  3*5 
ohms.  I  ask,  Is  any  line  going  to  work  on  that  ?  I  am  afraid  Mr. 
Langdon  has  rather  overdone  it  in  the  case  of  leakage  ;  and  that  he  has 
been  too  liberal  on  the  electrical  side. 

Mr.  A.  J.  Lawson  :  We  have  all  to  thank  Mr.  Langdon  for  his  paper.   Mr.  Lawson 
While  I  agree  to  some  extent  with  Mr.  Hudlestone  and  others  that  the 
author  has  taken  too  low  a  figure  for  coal  consumption,  I  think  he  has, 
on  the  other  hand,  done  some  injustice  to  his  own  cause  by  assuming 
voi«  XXX.  .        12 
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Mr.  Lawson.  much  too  low  an  efficiency  in  his  motors  and  in  his  method  of  trans- 
mission throughout.  For  instance,  he  has  taken  the  motors  with  85  per 
cent,  efficiency ;  the  ohmic  loss  in  transmission  at  10  per  cent. ;  leakage 
2i  per  cent. ;  loss  in  rotary  converters  10  per  cent. ;  in  static  trans- 
formers 7  per  cent.,  and  in  high-tension  transmission  10  per  cent.  I 
think  he  might  very  well  have  assumed  that  he  could  get  nearly 
go  per  cent,  in  motors ;  a  line  loss  of  5  per  cent.,  even  assuming 
that  he  has  his  insulation  resistance  as  low  as  Mr.  Walton  put  it. 
He  could  get  97  per  cent,  efficiency  in  his  static  transformers  instead 
of  93  ;  93  per  cent,  in  his  high-tension  transmission  instead  of  90 ;  and 
71*35  per  cent,  over-all  efficiency  instead  of  the  58  per  cent,  he 
assumes.  If,  however,  he  adopted  a  three-phase  transmission,  elimi- 
nating altogether  his  rotary  converters,  and  taking  his  own  efi&ciencies, 
he  could  still  obtain  62  per  cent,  instead  of  58 ;  this  gain  may  not  be 
very  great,  but  it  is  an  addition  of  4^  per  cent.  In  taking  the  efficien- 
cies I  have  assumed,  he  could  get  75  per  cent,  over-all,  which  will 
go  very  far  towards  reducing  the  coal  bills  that  I  am  rather  surprised 
the  apostles  of  electric  traction  in  this  assembly  are  so  very  desirous 
of  putting  up.  I  cannot  understand  their  object.  Is  it  that  they  are 
not  ready  to  meet  the  case  of  electrical  equipment  of  main  lines  of 
railway?  It  has  been  done  on  the  Continent.  As  Mr.  Swinton  has 
mentioned,  high-tension,  three-phase  transmission  has  been  in  fairly 
successful  use  on  the  Burgdorf-Thun  Railway,  and  a  higher  voltage, 
four  times  as  much  as  on  the  Burgdorf-Thun  line,  is  going  to  be  put 
into  use  on  another  line  next  month,  I  hope.  We  shall  then  gain 
some  information  which  will  be  useful,  and  although  the  station  is  a 
water-power  station,  I  think  it  will  dispose  to  a  very  large  extent  of 
the  suggestion  of  separate  stations  at  intervals  of  every  five  miles. 
Not  only  will  they  save  the  attendance  which  Mr.  Langdon  has 
estimated  for  at  every  one  of  his  sub-stations,  but  with  generating 
stations,  as  Mr.  Robinson  suggested,  for  every  ten  miles  (which,  as 
Mr.  Swinton  has  justly  pointed  out,  will  mean  a  station  loaded  for  a 
few  moments  and  unloaded  for  the  greater  part  of  the  hour)  there  will 
be  a  coal  consumption  in  excess  of  the  figures  which  have  been  men- 
tioned by  Mr.  Walton  and  others.  With  a  station  every  ten  miles  or 
so  you  might  just  as  well  retain  the  present  locomotives— indeed,  I 
think  it  would  be  better  to  do  so,  because  you  would  otherwise  have 
the  assistants  hot  only  on  the  locomotives  but  at  the  sub-stations 
increased  in  number. 

Mr.  Siemens,  Mr.  A.  SIEMENS  :  I  would  like  to  draw  the  attention  of  the  meeting 
to  the  fact  that  the  title  of  the  paper  is  "The  Supersession  of  the 
Steam  by  the  Electric  Locomotive,"  while  the  discussion  has  now 
entirely  branched  off  into  a  statement  of  the  fact  that  where  a  line 
of  railway  has  eleven  or  twelve  trains  per  hour,  it  is  cheaper  to  rim  it 
electrically  than  by  steam.  That,  I  think,  we  all  know.  As  Professor 
Forbes  has  already  pointed  out,  that  does  not  want  proving.  Mr. 
Langdon  can  afford  to  give  the  :433o.ooo  for  his  conductors,  which 
I  think  is  the  proper  figure,  and  he  can  afford  to  wipe  off  the  coal 
saving,  which  does  not  exist  according  to  my  idea,  and  still  he  will 
show  a  siving  on  such  a  line.     But  he  proposes  in  his  paper  that  the 
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Ididland  Railway  Company,  for  instance,  should  go  on  converting  its  Mr.  Siemens 
line  gradually  fifty  miles  by  fifty  miles.  Is  he  going  to  stop  his  Scotch 
expresses  at  Bedford  to  change  engines  when  he  has  completed  the 
first  stage?  What, also  is  he  going  to  do  on  those  portions  of  the 
Midland  line  where  there  are  very  few  trains — only  two  or  three  per 
hour  ?  I  think  what  Mr.  George  Westinghouse  said  a  year  ago  is  still 
absolutely  true,  that  for  suburban  traffic,  for  any  traffic  which  has  some- 
thing like  ten  or  twelve  trains  an  hour  and  upwards,  it  is  natural  that 
electric  traction  will  come  and  that  electric  traction  is  the  proper  thing  ; 
but  for  the  long  main-line  trains,  for  those  parts  of  the  railway  system 
where  there  are  only  a  few  trains  per  hour,  I  do  not  think  there  is  any 
chance  yet  of  introducing  an  economical  system  of  electric  traction. 

Major  P.  Cardew  :  I  think  Mr.  Walton  and  Mr.  Hudlestone  pos-    Major 
idbly  have  been  misled  as  regards  this  column  in  Table  IV.,  Mechanical 
Horse-power  per  Train  Hour. 

Mr.  Lang  DON  :  What  I  was  desirous  of  expressing  was  the  fact  that   Mr. 
that  power  was  required  for  an  hour.    The  table  seeks  to  reduce  every-        ^  **"* 
thing  to  an  hour's  work,  and  therefore  the  horse-power  is  not  intended 
to  express  exactly  what  is  the  maximum  horse-power  being  used  at  any 
time  in  kilowatt-hoiu's. 

Major  Cardew  :  I  think  that  one  important  thing  to  notice  in  the  Major 
tables  given  in  the  paper  is  the  extremely  small  number  of  miles  over 
which  each  locomotive  is  run  in  the  week.  I  find  from  them  that 
on  the  North- Western  Railway  they  only  use  each  locomotive  for  314 
train-miles  per  week.  Taking  into  consideration  the  time  of  the  drivers 
and  the  firemen,  the  wages  table  comes  out  enormously  high,  and  I  do 
think  a  considerable  economy  is  possible  with  electrical  traction.  Apart 
from  the  possibilities  of  absolutely  reducing  the  employes  on  a  train 
(which,  I  think,  is  quite  within  contemplation,  seeing  that  the  work  to 
be  done  is  reduced  to  practically  nothing),  there  is  much  time  lost 
by  the  steam  locomotive  before  starting  and  after  returning  to  the  shed 
and  during  the  time  it  is  taking  in  water  and  coal.  I  find  that  in  most 
railways  they  allow  three-quarters  of  an  hour  for  the  driver  and  fireman 
b^ore  starting,  and  the  same  time  after  the  engine  has  returned  to  the 
^ed.    All  these  little  items  mount  up. 

Mr.  Langdon  deals  with  the  traffic  as  it  exists.  If  it  were  really  in 
contemplation  to  equip  a  line  electrically,  no  doubt  it  would  be  possible 
to  find  out  how  the  service  could  be  best  suited  to  the  new  means  of 
working,  and  the  tendency  would  be  to  run  shorter  and  more  frequent 
trains.  Then,  with  regard  to  the  terminal  stations.  With  motor-cars 
at  each  end  of  the  train,  it  would  be  possible  to  clear  the  train  out 
of  the  station  in  very  much  quicker  time  than  it  takes  to  shunt  an 
ordinary  train  with  a  locomotive.  Much  could  thus  be  saved.  In  the 
same  way  the  goods  traffic  could  be  arranged  on  much  better  lines  for 
electrical  working.  I  find  that  a  great  deal  of  use  is  now  being  made 
on  the  Continent  of  locomotives  with  accumulators  for  shunting  pur- 
poses, and  of  course  they  fulfil  a  very  desirable  object.  In  shunting, 
neither  power  nor  speed  is  required,  but  only  a  good  horse,  as  it  were, 
to  drag  the  trucks  about,  and  an  accumulator  locomotive  does  the  job 
and  saves  a  great  deal  of  expense  in  the  equipment  of  sidings.     I  may 
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say  that  I  have  seen  the  experimental  line  at  Buda  Pesth  and  closely 
studied  it,  and  am  quite  satisfied  with  the  working.  The  working  is 
admirable,  and  by  the  arrangement  of  the  three-phase  motors  in  series, 
whereby  they  tend  to  halve  the  speed,  a  great  economy  is  effected  in 
the  starting.  The  same  thing  comes  into  operation  in  the  stopping ; 
the  other  motor  is  switched  in  in  series,  and  the  immediate  effect  is  the 
return  of  power  to  the  line.  In  that  way  the  three-phase  working  cer- 
tainly has  an  enormous  advantage  over  the  ordinary  continuous-current 
system. 

Mr.  Eu.  C.  DE  Segundo  :  The  author  has  attacked  a  subject  which, 
in  my  judgment,  is  destined  in  the  near  future  to  be  one  of  national  im- 
portance, and  I  trust  that  he  will  accept  my  assurance  that  any  remarks 
I  may  have  to  make  on  his  figures  are  made  with  due  deference  to  the 
opinions  of  one  so  much  my  senior  in  age  and  experience.  First  with 
regard  to  the  important  subject  of  coal  consumption,  Mr.  Langdon  has 
put  down  the  figure  of  3  pounds  per  kilowatt-hour.  I  have  looked  up 
some  figures,  and  find  that  the  consumption  of  coal  per  kilowatt-hour  at 
the  Central  Station  of  the  Dublin  Railways  works  out  to  2'i  pounds  on 
the  basis  of  the  boilers  evaporating  8  pounds  per  pound  of  coal.  At  the 
Dortmund  Electricity  Works  it  is  2*8  pounds  per  kilowatt  generated  ; 
on  the  Berlin  tramways  it  is  2*3  when  using  saturated  steam,  and  with 
superheated  steam  2'i.  It  must  be  remembered  that  these  are  test 
figures.  I  have  worked  out  the  average  consumption  of  coal  per  kilo- 
watt-hour distributed  on  seven  of  the  more  important  central  stations 
on  the  Continent,  including  Berlin,  and  I  find  that  it  works  out  at  4*5 
pounds.  This  seems  to  point  to  the  fact  of  Mr.  Langdon  s  allowance  of 
3  pounds  being  somewhat  narrow  ;  but  on  the  other  hand  one  has  yet 
to  be  quite  sure  what  the  load-factor  will  be  in  the  circumstances  in 
which  Mr.  Langdon's  figures  are  conceived — the  application  of  electric 
traction  to  a  railway. 

So  far,  the  application  of  electric  traction  has  been  made  under 
conditions  which,  so  to  speak,  have  been  in  favoiu:  of  electricity — that 
is  to  say,  the  railway  has  been  built  for  an  electric  railway,  and  there 
is  not  a  sufficiently  extended  record  of  the  performance  of  electric 
locomotives  doing  railway  work  under  the  conditions  which  obtain  in 
any  ordinary  main  line,  so  that  we  can  only  hazard  a  guess  as  to  the 
nature  of  the  load-factor  which  will  obtain  in  those  circumstances. 
Mr.  Langdon  has  not  suggested  how  freight-traffic  is  to  be  dealt  with, 
and  through-traffic  is  also  an  important  point.  Both  of  these  contribute 
very  largely  to  revenue :  in  fact,  the  revenue  from  freight-traffic  may 
be  2^  times  or  3  times  that  which  is  obtained'  from  passenger-traffic, 
and  the  through-traffic  may  be  from  45  to  50  per  cent,  of  the  whole 
traffic  of  the  line.  While  the  tendency  is  more  and  more  towards 
short,  frequent,  and  consequently  light  trains  for  passenger-traffic, 
which  is  admirably  suited  to  electric  traction  conditions,  the  tendency 
is  to  increase  the  length,  and  consequently  the  weight,  of  freight-trains 
and  to  run  them  at  longer  intervals.  Of  course  from  a  steam  railway 
point  of  view  the  economic  aspect  of  this  is  apparent  on  the  face  of  it 
But,  with  electric  traction,  it  is  obvious  that  the  frequent  starting  of 
these  heavy  freight* trains  would  be  a  factor  operating  disadvantage- 
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oasly  to  the  ecooomy  oi  the  steam  mgax  js  tbc  goKruixu^  <t*xk«a.  j^^ 
On  the  other  haod,  there  is  coe  pocu  ia  faroor  ci  cJccsridtT 
I  do  not  think  anjrbody  has  lefaied  to  ret,  and  it  is  a  rciy  important 
one.  We  all  know  that  oohr  about  half  of  the  total  weight  oi  the  looo> 
motive  and  tender  is  arailable  for  tractive  porposcs :  in  the  ckctric 
kxxMnotive  it  is  possible  to  apphr  the  whole  weight  00  the  driving  axle^^ 
TTieref ore  the  conchxsioo  will  be  obvious  that  for  a  |?ven  tractive  effort 
an  electric  locomotive  need  oolv  Ik  half  the  weight  of  a  steam  loco- 
motive ;  and  I  need  hardly  point  oot  the  rcdoctioo  in  the  wear  and 
tear  of  the  permanent  way,  and  the  consequent  saving  of  expense  of 
the  cost  of  maintenance,  that  woold  result  from  that  alone.  The  total 
absence  in  electric  traction  of  "poondii^''  which  it  is  impossible  to 
avoid  in  the  steam-locomotive,  doe  to  nnbalanced  piston-effort,  would 
operate  largely  towards  a  reduction  in  the  cost  of  maintenance  of  the 
permanent  way.  With  regard  to  this  complex  question  of  large  or  small 
stations,  I  merely  throw  out  the  suggestion  that  should  such  an  event  be 
contemplated  as  the  supersession  of  all  steam  locomotives  on  a  line  like 
the  Midland  by  electric  locomotives,  it  might  be  possible  for  the  elec- 
tric generating  stations  in  some  of  the  big  cities  and  towns  through 
which  the  railway  passes  to  contribute  in  some  measure  to  the  current 
necessary  for  traffic  purposes.  This  does  not  remove  the  objections  I 
have  raised  before ;  but  it  is  a  possible  means  of  reducing  the  capital 
expenditure  of  a  railway  company  which  contemplates  such  a  step  by 
making  use  of  existing  sources  of  supply. 

With  reference  to  the  financial  aspect  of  the  question  ;  during 
recent  visits  to  the  United  States  I  have  on  every  occasion  been 
struck  by  the  fact  that  our  American  cousins  seem  to  have  antici- 
pated the  fact  that  the  future  is  pregnant  with  big  events,  and  they 
have  made  preparations  to  cop)e  with  any  demand  that  may  arise. 
We  in  England  have  not  kept  pace  with  the  times,  and  if  we  are  to 
recover  our  position — I  use  the  word  advisedly — we  should  tear  from 
our  eyes  the  veil  of  pride  and  prejudice  which  prevents  us  realising  our 
own  deficiencies,  and  consent  to  learn  from  our  neighbours,  notably  the 
United  States,  so  that  we  can  regain  the  trade  wc  have  lost,  and  re- 
establish our  position  of  commercial  supremac>'  amongst  the  nations  of 
the  world. 

Mr.  Frank  Sprague  :  I  have  not  had  the  time  to  criticise  this  paper,  Mr.  Spraguc 
and  I  prefer  not  to  do  so.  In  considering  any  electric  railway  proposi- 
tion, the  practical  question  always  stares  me  in  the  face  :  How  is  one  to 
accomplish  a  result,  and  is  it  worth  the  while  ?  Being  possibly  some- 
what of  an  enthusiast  on  matters  of  electric  traction,  having  given  a 
number  of  years  to  the  subject,  there  is  no  attempted  solution  of 
problems  of  this  character,  whether  concerning  suburban  or  main-line 
service,  that  does  not  command  my  interest,  and  I  always  welcome  the 
\^arious  proposals  made. 

I  think  the  statement  can  be  very  safely  made  that  electric  railways 
will  not  be  conducted  on  steam  lines.  The  question  is  not  the  super- 
session of  the  steam-locomotive  by  the  electric.  The  electric  locomotive, 
rated  as  the  stcam-locomotivc  is  rated,  hardly  exists.  If  a  dynamo  Ih 
considered,  wc  wish  to  kno\v  the  continuous  output  of  which  It  ir 
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Mr.  Sprague.  capable,  and  you  gentiemen  who  are  consulting  engineers  prescribe 
very  rigid  conditions  of  test.  It  must  run  for  so  many  hours,  at  a 
certain  speed,  and  a  certain  output ;  it  shall  have  a  certain  capacity'  of 
excess,  and  so  on.  In  short,  the  machine  must  be  of  permanent 
character,  built  for  years  of  continuous  scr\'ice.  With  a  stationary  motorj 
similar  requirements  exist.  It  must  be  a  machine  which,  hour  after 
hour,  shall  be  able  to  deliver  a  certain  horse-power.  On  the  contrary, 
whether  it  be  because  of  a  misconception  of  what  electric  raihvays 
demand,  or  because  actuated  by  a  somewhat  unnecessary  commercial 
instinct,  the  manufacturers  of  electric  railway-motors  have  adopted  a 
unique  method  of  rating.  For  example,  we  hear  of  motors  of  50, 75,  and 
150  H.P.,  the  latter  being  probably  amongst  the  largest  of  the  units 
which  are  regularly  built  for  railway  service.  These  ratings  mean  little 
except  that,  for  example,  a  100  H.P.  motor,  railway-standard,  can  for  an 
hour  do  100  H.P.  of  work,  and  can  stand  a  50  per  cent,  excess  of  load 
for  another  ten  minutes,  but  that  is  not,  properly  speaking,  the  rating  of 
a  railway-motor,  as  has  been  shown  in  a  very  interesting  manner  by 
Mr.  John  Lundie,  who  has  made  a  special  study  of  the  kinetics  and 
requirements  of  heavy  electric  traction. 

Common  sense  teaches  us  that  if  the  electric  motor  is  put  against  the 
steam-locomotive,  it  must  be  a  machine  capable  of  equal  continued 
service,  and  it  should  be  rated  in  a  general  way  the  same  as  any  other 
electric  machine,  on  its  average,  as  well  as  its  special,  capacit>\  If  a 
small  railway-motor  is  rated  in  a  certain  way  by  the  hour-basis,  a  larger 
one  tested  under  the  same  conditions  has  a  fictitious  and  excess  rating 
compared  with  the  smaller  one.  Speaking  generally,  any  steam  or 
electric  railway-motor  should  have  as  a  measure  of  its  rating  what  it  can 
do  hour  after  hour  on  active  service. 

Looking  at  Table  IV.,  there  seems  to  me  to  be  a  rather  curious  series 
of  figures,  and  I  quite  agree  with  Mr.  Hudleston  that  they  are  under- 
estimated in  the  matter  of  actual  H.P.  required.  The  method  of  deter- 
mining train-miles  per  hour  by  multiplying  the  trains  passing  a  given 
point  by  the  running  speed  is  erroneous. 

What  is  an  electric  locomotive  ?  It  is  simply  an  assemblage  in 
which  is  localised  a  multiplicity  of  motors,  generally  four  motors  on 
four  drivers,  the  motors  being  built  to  fit  spaces  which,  because  of  the 
conditions  under  which  the  motor  has  to  oe  operated,  are  restricted  by 
wheel  dimensions,  wheel  base,  track  gauge,  distance  between  wheel 
seats,  transom  and  axle,  and  there  is  a  very  definite  limitation  to  the 
size  of  a  motor  so  determined.  To  illustrate  this  fact,  take,  for  example, 
one  of  the  largest  types  of  motors  now  built,  rated  at  160  H.P.  For 
continuous  service,  and  with  an  excess  of  temperature  of  say  75**  C. 
above  the  surrounding  atmosphere,  it  can  stand  about  35  kilowatts  of 
continuous  average  input,  or  develop  an  average  of,  say,  40  H.P. 
available  for  effective  traction. 

I  thiink  that  it  is  safe  to  say  that  the  electric  locomotive  will  not 
generally  take  the  place  of  the  steam-locomotive.  If  a  steam-railway 
adopts  electric  traction,  it  must  radically  change  its  service,  it  must 
adopt  smaller  train-units,  complete  within  themselves,  operated  inde- 
pendently, or  in  combinations  making  up  longer  trains.     Then  one 
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mast  do  vhat  i^  dooe  with  a  hand<-controlled  locomotive,  use  a  muUi-  ^^  ^r«^«s>iK 
plicitj  of  iDotm^  bot  a  ffrestsr  immher.  distributed  on  the  difierent  cars 
or  motor-car  gnit^  As  soon^  however,  as  thi^  condition  i^  determined, 
direct  haod-ooatrol  must  be  wholly  or  partly  ahondoned  for  general 
work,  and  the  motor  equipments  put  under  a  secondan*  control.  Wc 
have  to  face  the  very  practical  fact  that  we  cannot,  without  unnecessan- 
restriction,  ccanpress  upon  a  single  unit  the  power  thai  is  necessary  to 
do  the  service  that  ii>  done  by  a  steam-locomotive  to-day.  I  of  course 
do  not  agree  with  the  last  f^ieaker  that  an  electric  motor  can  be  built  of 
half  the  weight  of  the  steam-locomotive  that  is  if  it  is  to  do  equal 
service  ;  bat  it  is  perfectly  possible — and  it  is  being  done  every  day — to 
consolidate  any  nnmber  of  units  equ^iped  with  any  required  amount  of 
power,  ooder  a  common  control. 

It  is  not  snfikient  reason  for  adopting  electric  traction  to  say  that 
VOQ  can  save  some  coal,  for  in  many  instances,  especially  with  loQg 
trains,  I  qoestioD  whether  jou  can  save  a  dollar  ^  worth.  The  question 
of  coal  is  a  secondaiy  one.  Wliat  is  all-in^ortam  is  capacity  for 
increased  speed,  and  the  mating  of  train-lengths  and  train-intervals 
sabject  to  the  will  of  the  train-nianager — in  short,  the  ability  to  g^t  and 
to  accommodate  tra£Bc  and  service.  I  repeal  that  the  electric  k>como> 
tive  on  a  tnmk-line  service  has  not  a  promising  future.  That  service 
itself  must  be  changed  with  change  of  motive  power.  The  question 
reduces  itself  sim|^y  to  the  number  of  units  which  are  in  operation 
between  two  points.  If  die  units  are  few  in  number,  electric  appli* 
cation  is  not  generally  to  be  considered.  As  the  number  increases 
sufficiently,  then  there  will  be  a  field  for  electric  application,  and  then 
only. 

Professor  C.  A.  Carcs-Wilsox  :  There  are,  in  my  opinion,  three   ivoc.  Ctnt^* 
reasons  why  the  supersession  of  stesun  by  electricity  on  the  railwa\*s  of 
this  country  will  take  place  first,  not  on  the  main  lines,  but  on  the 
branch  lines. 

In  the  first  place,  the  branch  lines,  or,  to  be  more  specific,  the  cross- 
country  lines,  as  distinguished  from  the  main  lines,  are  the  least  profit- 
able part  of  any  great  nulway  system.  And  since  it  is  the  wisdom  of 
economic  railway  management  to  ascertain  wliat  is  the  least  profitable 
part  of  the  system,  and  make  it,  if  possible,  more  profitable,  it  will 
always  be  to  the  interest  of  the  great  railway  companies  to  endeavour 
to  make  the  branch  lines  pay  better,  in  comparison  with  the  main  lincs» 
than  they  do  now. 

A  few  figures  will  show  that  the  branch  lines  are,  as  a  rule,  far  Ic*<h 
profitable  than  the  main  lines.  Taking  the  Board  of  Trade  Returns  for 
1899,  we  find  that  for  the  Midland  Railway  the  average  profit  per 
passenger  train-mile  is  about  tenpence.  Taking  the  average  number 
of  trains  per  day,  each  way,  on  branch  lines,  as  six,  the  profits  from  the 
passenger  service  per  mile  per  day  is  five  shillings.  On  a  main  line,  on 
the  other  hand,  the  number  of  passenger  trains  each  day  might  be  taken 
at  thirty  each  way,  making  the  profit  per  mile  each  way  twenty 'five 
shillings,  five  times  that  of  the  branch  lines.  No  doubt  this  Is  a  rough 
estimate,  but  it  is  probably  not  far  from  the  truth.  Henco  in  consider- 
ing the  possible  economy  to  be  effected  by  the  introduction  of  elcc- 


178      LANGDON  :   STEAM   I^   ELECTRIC  LOCOMOTIVE.     [Dec.  6th, 

^roTCarus-  tricity,  it  will  be  more  to  the  interest  of  the  companies  to  endeavour  to 
make  their  branch  lines  more  profitable,  than  to  make  changes  on 
their  main  lines,  which  are  at  present  relatively  very  remunerative. 

The  second  reason  I  would  give  for  cross-country  lines  being  dealt 
with  first  is  that  the  cross-country  lines  are  mainly  responsible  for  the 
unpunctuality  which  is  such  a  feature  of  our  railways.  I  cannot  attempt 
to  establish  this  statement  fully  here  to-night,  but  may  put  it  briefly 
thus.  The  limited  traffic  on  the  cross-country  lines  does  not  admit  the 
provision  of  a  staff  adequate  to  deal  with  the  traffic.  If  the  traffic  were 
spread  out  over  the  whole  working  day  the  staff  would  be  sufficient, 
but  it  comes  all  with  a  rush  at  infrequent  intervals,  the  result  being 
delay  and  unpunctuality,  especially  during  the  holiday  seasons. 

The  infrequent  service  and  the  unpunctuality  on  branch  lines  has 
made  cross-country  travelling  most  unpopular,  with  the  result  that 
these  lines  are  now  being  menaced  by  the  tramway  systems  which  are 
being  projected  in  all  parts  of  the  country.  This  is  a  third  and  most 
powerful  reason  why  railway  managers  will  be  obliged  to  consider 
seriously  the  possibilities  of  electricity  on  branch  lines. 

The  remedy  for  the  unpunctuality  and  the  unpopularity  of  the 
branch  lines  is  to  be  found  in  a  more  frequent  service.  To  make 
proper  connections  with  the  main-line  trains  the  service  on  the  branch 
lines  should  be  increased  from  an  average  of  six  trains  each  way  per 
day  to  at  least  twenty-four — that  is,  a  half-hour  service  instead  of  a 
train  every  two  hours.  The  question  is,  can  this  be  done  by  electricity 
at  a  profit  ? 

To  answer  this  question,  we  must  know  how  much  each  mile  of  line 
contributes  as  profit,  from  its  passenger  service,  to  the  general  revenues 
of  the  railway,  and  also  how  much  each  mile  must  earn  in  order  to  pay 
its  share  of  the  fixed  charges,  such  as  maintenance  of  permanent  way, 
etc.  We  shall  probably  not  be  far  wrong  in  taking  five  shillings  per 
day-mile  as  profit,  and  eleven  shillings  per  day-mile  as  the  contribution 
towards  the  fixed  charges  on  a  branch  line  with  six  trains  each  way  per 
day.  If,  now,  the  running  cost  per  passenger  train-mile,  that  is,  the 
locomotive  charges  and  the  guard's  wages,  be  put  at  elevenpence,  a 
traffic  equal  to  264  third-class  passengers  will  be  required  per  day-mile 
each  way.  We  may,  then,  take  this  to  be  the  traffic  on  a  branch  line  as 
at  present  run  by  steam. 

For  a  service  of  twenty-four  trains  per  day  the  fixed  charges  and 
the  profit  per  day-mile  will  remain  the  same,  if  the  branch  is  to  yield 
no  more  and  no  less  profit  than  before,  but  the  running  charges  will 
increase  in  proportion  to  the  number  of  trains,  and  for  twenty-four 
trains  will  require  an  income  of  24  x  11,  or  264  pence  per  day-mile, 
which,  added  to  the  fixed  charge,  makes  462  as  the  required  number  of 
third-class  passengers  per  day-mile — that  is,  an  increase  of  75  per  cent, 
in  the  traffic  as  compared  with  that  required  for  six  trains  per  day. 
The  traffic  must  exceed  this  if  the  altered  conditions  of  working  are  to 
yield  an  increased  profit  per  mile. 

Now  the  whole  difference  introduced  by  electrically  driven  trains 
is  that  the  running  charges  are  less.  If  motor-cars  with  substantial 
trailers  are  used,  as  on  the  Burgdorf-Thun  line,  weighing,  say  50  tons, 
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with  only  a  ooodoctor  and  raotor-man,  the  running  charges  should  not    ^'^  ^''" 

exceed  sixpefice  per  tram-mile.    Taking  this  figure,  wc  find  that  the 

number  of  third-class  passen^rs  required  to  3rield  the  same  profit  and 

fixed-charge  income  per  day-mile  as  before  is  342,  or  an  increase  of  30 

per  cent,  over  the  existing  six-train  service.   Now  a  service  of  twenty-four 

trains  each  ^way  per  day  might  safely  be  relied  upon  to  induce  an  increase 

of  trafiBc  o€  30  per  cent  over  that  of  a  six-train  service.  Anything  beyond 

this  will  increase  the  profit  per  mile ;  thus  an  increase  of  52  per  cent. 

in  the  traffic  would  double  the  profit  on  the  line,  and  an  increase  of  75 

p>er  cent,,  which  with  steam-driven  trains  would  not  augment  the  profit 

at  all,  wx>ald  result  in  a  trebling  of  the  profits. 

The  right  course,  then,  seems  to  be  to  begin  on  the  branch  lines 
first,  to  break  up  the  system  of  infrequent  and  heavy  trains  hauled  by 
steam  locomotives,  and  substitute  lighter  trains  running  at  least  four 
times  as  freqaendy,  driven  by  electric  motor-cars.  The  increased 
traffic  would  be  handled  with  far  greater  ease  than  the  existing  traffic, 
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tiecanse  it  would  be  more  distributed  over  the  whole  day.  The  service 
would  be  punctual  and  popular,  and  with  these  advantages  there  is 
little  reason  to  doubt  that  it  would  be  profitable. 

Mr.  A.  P.  Trotter  {communicated) :  Mr.  Langdon  has  treated  the 
problem  on  broad  lines,  and  has  not  obscured  it  by  detailed  considera- 
tion of  special  points.  It  is  quite  sufficient  for  his  purpose  to  assume 
five  sub-stations,  without  proving  that  this  number  is  better  than  four 
or  six.  Since  he  does  not  give  data  from  which  such  proof  might  be 
established,  and  since  I  have  no  such  data  at  hand,  I  do  not  propose 
to  criticise  his  assumption,  but  to  make  some  general  observations  on 
this  point. 

If  the  number  of  sub-stations  on  a  fifty-mile  line  be  increased,  the 
first  cost  and  sub-station  labour  cost  will  be  increased,  the  load-factor 
of  each  will  be  smaller,  and  the  ohmic  loss  in  high-pressure  feeders  is 
increased,  but  the  much  more  important  loss  in  the  working  conductor 
is  redaccd,  and  this  conductor  might  be  reduced  in  size  and  cost ;  and 
the  pressure  is  more  uniform.  If  the  number  of  sub-stations  be  reduced, 
the  first  cost  and  sub-station  labour  cost  is  reduced,  the  load-factor  will 
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Mr.  Trotter,  bg  greater,  while  the  ohmic  loss  is  increased  up  to  the  limit  when  no 
sub-stations  are  used.  The  working  conductor  would  have  to  be 
increased  to  avoid  excessive  fall  of  pressure,  but  this  case  can  hardly 
be  said  to  have  even  that  indifferent  kind  of  interest  known  as  academic. 
All  of  the  factors  have  a  monetary  value,  except  the  variation  of  pressure 
to  which  no  such  value  can  be  easily  assigned.  That  uniformity  of 
pressure  is  important  in  some  cases  is  proved  by  the  large  number  of 
sub-stations  on  the  Burgdorf-Thun  line,  but  these  are  inexpensive  and 
require  no  labour. 

Given  the  necessary  data,  the  conditions  for  minimum  total  cost 
(capital  and  working)  may  be  calculated.  Differential  calculus  will 
show  the  exact  number,  which  is  of  little  interest  and  no  use.  Plotting 
a  few  examples  on  a  curve  (Fig.  A)  will  show  whether  the  curve  has  a 
sharp  or  a  flat  bottom.  It  will  probably  be  found  that  the  bottom  is  flat 
enough  to  allow  several  external  considerations,  such  as  choice  of  site 
and  neighbouring  gradients,  to  influence  the  decision  on  the  number  of 
sub-stations. 

It  is  probable  that  the  number  of  sub-stations  indicated  by  the  mere 
question  of  cost  will  yield  a  sufficiently  uniform  working  pressure.  In 
tramway  work  the  uniformity  of  pressure  generally  takes  care  of  itself, 
and  is  the  outcome  of  other  conditions.  But  such  conditions  may  per- 
haps show  that  a  uniform  working  pressure  is  difficult  to  attain  in  rail- 
way work.  It  is  said  that  for  three-phase  motors  no  large  reduction  of 
working  pressure  is  safe,  but  for  continuous  current,  considerations  of 
economy  and  of  speed  allow  no  little  latitude.  It  is  obvious  that  it 
does  not  pay  to  level  a  railway  through  undulating  country,  gradients 
are  inevitable,  and  they  control  the  speed.  How  far  will  it  pay  to  level 
the  working  pressure  ?  If  economy  demands  widely  spaced  sub- 
stations, variation  of  pressure  on  the  working  conductor  and  conse- 
quent variation  of  speed  may  be  a  feature  of  the  railway  practice  of 
the  future.  There  is  a  good  deal  of  difference  between  the  maximum 
safe  speed  and  the  economically  best  speed  on  a  well-built  line.  It 
may  be  an  economy  to  space  sub-stations  more  widely  on  level 
country,  and,  with  suitably  designed  motors,  to  allow  much  larger 
variations  of  working  pressure  than  are  to  be  found  in  modern  tramway 
practice. 
Nrr.T>ier.  Mr.  E.  H.  Tyler  {communicated) :  I  beg  to  share  Mr.  Hudleston's 

opinion  that  the  electrification  of  main  railway  lines  is  not  at  present  a 
promising  field  of  electrical  development.  In  any  case  the  suburban 
and  cross-country  lines  have  an  overwhelming  claim  to  be  treated  first. 
But  there  are  objections  to  such  a  sweeping  change  as  the  electrical 
equipment  of  our  main  lines  which,  I  believe,  have  not  yet  been  men- 
tioned. In  most  European  countries  the  railways,  if  not  actually 
Government  property,  are  under  their  close  control,  it  being  recognised 
that  railways  are  part  of  the  national  scheme  of  defence. 

It  will  not,  I  suppose,  be  pretended  that  an  electrically  equipped 
line  is  not  more  liable  to  be  disabled  than  a  steam  line.  The  charac- 
teristic of  the  breakdown  of  a  system  supplied  from  a  central  source  of 
energy  is  general  paralysis  as  distinct  from  local  injury. 

There  are-  many  main  lines  in  England  that  arc  subject  to  floods. 
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and  it  is  obvious  that  it  would  be  easier  to  throw  an  electric  railway  out  Mr.  Tyler. 
of  gear  than  a  steam  line. 

These  serious  considerations,  as  well  as  there  being  no  really  press- 
ing necessity  for  the  change,  lead  me  to  believe  that  the  electrical 
equipment  of  oiu-  main  lines  is  not  yet  within  sight.  The  frequent 
reference  to  the  Burgdorf-Thun  railway  as  an  example  of  main-line 
electrical  traction  is  misleading.  It  is  a  full-gauge  passenger  and  goods 
line,  but  in  no  sense  is  it  a  main  line  such  as  the  Midland  or  Great 
Western. 

Major  Cardew's  account  of  the  three-phase  line  at  Buda-Pesth  was 
most  interesting,  especially  his  reference  to  the  placing  of  the  motors 
in  series  at  starting  and  during  retardation.  It  is  not  easy  to  see  how 
this  arrangement  can  return  current  to  the  line,  inasmuch  as  the  energy 
returned  must  be  of  the  same  periodicity  as  the  line.  But  in  any  case 
the  return  of  energy  can  only  be  carried  down  to  half  speed,  whereas 
with  continuous  currents  the  regeneration  can  be  continued  until  the 
train  has  nearly  come  to  a  stop. 

As  regards  Mr.  Sprague's  remarks  on  locomotives,  it  is,  as  he  points 
out,  almost  entirely  overlooked  that  the  power  that  can  be  exerted  on 
the  axles  of  a  locomotive  is  strictly  limited  by  the  dimensions  of  the 
gauge  and  the  permissible  length  of  the  wheel  base.  The  claim  of  Mr. 
Sprague's  multiple  unit  system  is  that  a  train  composed  of  traction 
units  shall  have  the  same  tractive  characteri.stics  as  a  single  unit. 
Applying  this  test  to  railway  trains,  I  would  ask  Mr.  Sprague  what  he 
considers  a  railway  unit  to  be.  Obviously  not  one  coach.  If  we  take 
one  half  of  an  ordinary  train  to  be  a  railway  unit,  and  provide  a  loco- 
motive of  suitable  weight  and  power  to  draw  that  unit,  it  follows  that  ^ 
full  train  of  two  units  can  be  drawn  by  two  locomotives  coupled  and 
controlled  as  one,  with  the  same  characteristics  of  speed  and  torque  as 
the  single-unit  train.  That  appears  to  me  to  be  the  true  solution  of  the 
{»inciple  of  multiple  unit  control,  rather  than  the  multiplication  of 
motor  coaches.  It  cannot  be  forgotten  that  the  adoption  of  motor 
coaches  entails  a  wholesale  scrapping  of  rolling  stock  which  no  com- 
pany will  care  to  face.  Moreover,  for  many  years  the  service  on 
electrical  lines  must  necessarily  be  a  mixed  one,  or  at  all  events  through 
trafiic  will  have  to  be  provided  for.  The  electrical  locomotive,  although 
not  an  ideal  application,  seems  therefore  to  be  a  necessity. 

Mr.  H.  A.  Humphrey  {communicated):  It  is  admitted  that  the  ^^-^ 
supersession  of  the  steam  by  the  electric  locomotive  is  primarily  one  of 
costs.  Table  V.  giving  the  cost  of  generation  and  distribution  of 
current,  is  therefore  of  vital  importance,  and  should  have  received 
special  care ;  yet  I  regret  to  find  it  is  the  most  disappointing  part  of 
the  paper. 

The  first  inspection  of  the  table  would  lead  one  to  say  that  the  cost 
of  generating  a  kilowatt-hour  had  been  taken  at  o*i574d.  This,  how- 
ever, is  not  so,  for  the  cost  of  oil,  waste,  and  sundries  is  placed  at  the 
bottom  of  the  page,  and  is  not  included  in  the  total  along  with  coal  and 
water,  although  the  one  is  as  necessary  to  the  engines  as  the  others. 
Then  there  is  no  item  for  repairs  and  maintenance  of  the  generating 
plant  included  in  the  table,  and  in  seeking  for  this  important  item  we 
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JJ*"-         ,     find  tliat  no  definite  figure  is  anywhere  given,  but  it  is  dealt  with  along 
with  the  locomotive  charges. 

As  a  matter  of  fact  Mr.  Langdon's  figures  for  the  cost  of  energy 
from  a  steam-driven  central  station  cannot  be  considered  as  consti- 
tuting a  safe  basis  for  calculation.  I  have  studied  the  question  in  this 
country,  on  the  Continent,  and  in  America,  and  have  obtained  figures 
at  first  hand  from  the  chief  engineers  of  large  American  traction 
stations.  As  a  result  I  entirely  endorse  Mr.  Cunningham's  statement 
that  o*25d.  per  kilowatt-hour  is  the  limit  at  present  practically  attain- 
able in  a  steam-driven  plant  In  the  case  of  one  of  the  largest  electro- 
lytic plants  in  this  country  with  the  best  modern  engines  and  boilers 
and  cheap  coal,  this  figure  was  not  quite  reached  even  with  loo  per 
cent,  load-factor  and  in  a  year  of  cheap  coal.  The  figures  for  the  year 
in  question  were  given  to  me  by  the  engineer,  and  included  no  fixed 
charges.  One  of  the  most  reliable  statements  of  costs  I  know  of  is  that 
given  by  Mr.  R.  W.  Conant  in  his  paper  on  *'  Cost  of  Electric  Power 
for  Street  Railways,"  read  before  the  "  America  Street  Railway  Associa- 
tion "  in  September,  1898.  Mr.  Conant  examines  and  tabulates  the 
costs  from  forty-four  of  the  large  traction  stations  in  America,  and  he 
found  the  lowest  operating  cost  per  kilowatt-hour  at  the  switchboard 
was  0*52  cents.  (o*26d.).  Mr.  Conant  describes  a  "standard  station," 
and  gives  a  standard  set  of  figures  as  being  the  best  practical.  These 
figures  come  out  at  0*58  cents,  for  operating  cost  and  0*405  cents,  for 
fixed  charges,  making  a  total  of  0*985  cents.  (o'49d.).  The  load-factor 
is  taken  at  33 J  per  cent.,  and  the  following  statement  is  made  : — "  As 
this  station  is  described  its  performance  may  seem  to  border  on  the 
ideal,  and  there  is  no  question  but  that  its  performance  is  consequent 
on  favourable  circumstances,  very  nearly,  we  may  say,  test  conditions." 

To  reach  figures  much  below  these  a  radical  change  is  necessary, 
and  as  one  attempt  at  the  solution  of  the  problem  I  would  direct 
attention  to  the  use  of  large  gas-engines  and  Mond  gas-producers.  The 
Mond  plant  employs  cheap  bituminous  slack,  and  recovers  the  ammonia 
in  such  large  quantities  as  to  allow*  a  profit  of  4s.  6d.  per  ton  of  slack, 
after  paying  all  expenses  in  the  working  of  the  plant.  As  this  subject 
is  fully  dealt  with  in  my  papers  before  the  Institution  of  Civil  Engineers 
(1897)  and  the  Institution  of  Mechanical  Engineers  (Dec.  14,  1900)  I 
need  say  no  more  about  it,  but  desire,  in  concluding  these  remarks,  to 
add  my  thanks  to  Mr.  Langdon  for  his  most  interesting  paper  and  the 
mass  of  information  it  contains. 
Mr.  Kenny.  Mr.  T.  R.  D.  Kenny  {comniumcaicd) :  It  has  been  suggested  by  two 

or  three  speakers  that  Mr.  Langdon  has  under-estimated  the  amount  of 
power  required  to  work  his  trains  by  taking  as  his  tractive  effort  per 
ton  the  low  figures  given  by  the  formula  at  the  foot  of  Table  IV. 

I  am  a  little  surprised,  however,  to  find  that  none  of  those  who  have 
had  an  opportunity  of  speaking  have  drawn  attention  to  the  fact  that 
Mr.  Langdon  has  provided  power  for  only  about  two-thirds  of  the 
trains,  which,  according  to  his  figiu*es,  must  be  on  the  section  of  line  at 
one  time. 

His  whole  estimate  is  based  on  the  assumption  that  there  are  only 
fourteen  trains  betw       '       "    ^  and  Bedford  requiring  pow^er  at  the 
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same  instant ;  but  taking  the  figures  given  in  columns  4  and  5  of  Mr.  Kenny, 
Table  IV.,  it  will  be  seen  that  there  must  be  about  twenty-one  trains 
running  at  once.  The  fourteen  trains  distributed  on  a  fifty-mile 
section  of  line  could  not  pass  a  given  station  in  one  hour  unless  the 
average  speed  of  the^  trains  were  Jifly  miles  per  hour.  The  express 
trains  have  this  speed,  and  it  is  correct  to  assume  that  there  are  only 
three  of  these  trains  on  the  fifty-mile  section  when  three  pass  per  hour. 
But  take  the  case  of  the  goods  trains  with  a  speed  of  twenty-five  miles 
per  hour.  Each  train  takes  two  hours  to  traverse  the  section,  and  as 
five  trains  pass  a  given  point  per  hour  there  must  clearly  be  ten  trains 
on  the  section  at  a  time. 

Taking  the  other  figures  in  columns  4  and  5  of  Table  IV.  in  the  same 
way,  we  have  at  any  time  on  the  fifty-mile  section — 

3       Express  passenger  trains  requiring  1,068  kilowatts. 
312  Ordinary        „  „  „  425        „ 

572  Express  goods  „  „  1,257      ,  „ 

10      Ordinary    „  „  „  1,370        „ 

giving  a  total  of  21*8  trains,  which  are  taking  4,120  kilowatts  at  the 
axlesy  and — taking  Mr.  Langdon's  over-all  efficiency — requiring  about 
7,000  kilowatts  output  at  the  generating  station  as  against  5,000  kilo- 
watts allowed  for  in  the  paper. 

It  has  been  pointed  out  in  the  paper  that  the  conclusions  arrived  at 
will  not  be  affected  by  any  small  variations  in  the  service,  since  they  are 
based  on  '*  cost  per  train-mile."  At  first  sight,  then,  it  would  seem  that 
the  40  per  cent,  larger  generating  station  entailed  would  only  affect  the 
magnitude  of  the  undertaking,  and  be  of  little  consequence.  As  a 
matter  of  fact,  however,  since  the  slowly  moving  trains  form  a  larger 
percentage  of  the  total  on  the  section  than  in  the  original  case,  a 
redaction  of  about  9  per  cent,  in  the  figure  for  "  K.W.  per  train,"  and  of 
3  per  cent,  in  "  K.W.  hoiurs  per  train-mile "  is  effected.  There  should 
also  be  a  slight  saving  in  the  cost  per  kilowatt-hour  due  to  the  increased 
size  of  generating  station. 

These  considerations  will  better  to  some  extent  the  figure  given — 
7X»id.  per  train-mile — ^for  the  electrical  case  in  Mr.  Langdon's  interest- 
ing paper. 

Mr.  A.  H.  Seabrook  (communicated) :  Mr.  Langdon,  in  his  highly   Mr. 
important  and  interesting  paper,  has  shown  the  many  economical  Scabrook. 
advantages  that  will  accompany  the  employment  of  electricity  upon 
railways,  but  it  has  probably  occurred  to  a  good  many  members  that 
the  advantage  which  will  appeal  most  strongly  to  the  travelling  public 
is  that  of  increased  safety. 

I  refer  to  the  possibility  of  cutting  off  current  on  any  section  of  the 
line  when  the  signal  is  against  the  train.  The  switches  coupling  up  the 
distributing  cable  to  the  contact  rail  can  be  operated  by  the  wrire 
rope  that  works  the  signal. 

A  voltmeter,  or  some  rough  form  of  pressure  indicator,  connected 
across  the  contact  and  return  rails,  fixed  immediately  over  each  lever 
in  the  signal-box,  would  inform  the  attendant  whether  the  switches 
were  acting  properly  or  not ;  the  latter  an  unlikely  occurrence,  but 
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s^brook  *^^  ^^  ^  guarded  against.  An  indicator  connected  to  the  nearest 
sections  of  line  controlled  by  the  two  neighbouring  boxes  would  auto- 
matically inform  the  attendant  whether  his  neighbours*  sections  were 
clear,  whether  current  was  in  them,  and  if  so,  whether  a  train  was  pass- 
ing, shown  by  the  drop  on  the  indicator.  Practice  only  could  determine 
whether  the  pressure  should  be  kept  off  the  contact  rail  except  when 
a  train  is  due  ;  if  it  were  not  found  advisable,  provision  could  be  made 
for  the  lever  to  work  the  signal  alone,  or  both  signal  and  switch ;  but  there 
is  no  doubt  that  a  great  amount  of  leakage,  especially  in  time  of  rain 
and  snow,  could  be  avoided.  Absolutely  to  deprive  the  locomotive  of* 
its  source  of  power  when  the  signal  is  against  it  seems  to  me  about  the 
most  effectual  "  block  "  system  that  could  be  put  into  use. 

Mr.  Varicy.  Mr.  F.  H.  Varley  (commitntcaied) '.  In  the  first  place,  I  feel  we  are 

all  much  indebted  to  Mr.  Langdon  for  his  very  valuable  contribution. 
It  seems  to  me  that  the  question  is  purely  a' commercial  one  :  Will  it  be 
more  profitable  to  use  the  electric  locomotive,  and  will  the  railway 
companies  be  justified  in  replacing  their  steam  locomotives  by  the 
new  mode  of  traction?  To  my  mind,  ever>thing  points  in  that 
direction. 

Mr.  Langdon  deduces  a  saving  of  i'922  pence  per  train-mile — say 
21*4  per  cent.  Now  we  are  informed  by  some  of  the  s|;)eakers  in  this 
discussion — It  is  impossible  to  improve  upon  the  economies  now 
obtained  in  the  steam  locomotive,  and  it  is  quite  impossible  for  elec- 
tricity to  compete  with  tlie  present  system.  I  share  with  most  people 
in  their  admiration  of  the  wonderful  amount  of  applied  science  and 
mechanical  skill  which  has  improved  the  pioneer  engine  designed  by 
Stephenson.  The  highest  engineering  mathematician's  acumen,  along 
with  the  mechanical  engineer's  constructiveness,  have  been  brought  to 
bear  and  are  continually  being  requisitioned,  and  we  naturally  look 
upon  the  steam  locomotive  as  a  perfect  piece  of  engineering  construe* 
tion  and  design.  We  are  asked  to  compare  this  perfect  machine  with 
the  pioneer  electric  locomotives,  and  it  is  not  surprising  that  the  very 
perfect  steam  locomotive^  the  best  results  of  applied  technical  know- 
ledge and  manipulative  skill,,  should  not  have  it  all  its  own  way  when 
contesting  with  the  pioneer  electric  locomotive.  The  pioneer  electric 
locomotive  has  come  to  stay,  and  will  doubtless  advance  in  development 
in  the  same  way,  as  experience  is  gained  by  practical  work.  Electric 
railways,  to  compete  with  steam  locomotive  lines,  will  have  to  be 
worked  from  a  different  standpoint — more  frequent  trains  and  a  reduc- 
tion in  the  number  of  carriages  per  train  ;  because  long  trains  going 
long  distances  at  long  intervals  carry  very  few  passengers  per  train- 
mile.  Hence  arises  the  great  waste  of  power  in  drawing  heavy  rolling 
stock,  weighing  say  300  to  400  tons  per  train,  out  of  which  not  25  per 
cent,  is  the  weight  of  the  revenue-earning  passengers.  In  long-distance 
trains  how  often  is  it  that  they  do  not  carry  a  full  load,  or  anything  like 
a  full  load.  It  is  no  unusual  thing  for  a  train  to  leave  the  terminus 
with  25-50  of  even  65  per  cent,  oi  its  passenger  accommodation 
unoccupied.  Now  electric  traction  favours  short  trains  despatched  at 
more  frequent  intervals,  with  proportionate  decrease  of  the  dead  weight 
of  the  rolling  stock,  and  a  larger  percentage  of  passengers  per  train, 
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therefore  a  larger  profit,  while  securing  a  greater  amount  of  patronage   ^^  Variey. 
by  the  greater  facilities  offered  for  travelling. 

A  locomotive  is  undoubtedly  a  most  magnificent  monument  of 
human  skill,  but  I  defy  it  to  make  a  profit  by  drawing  hundreds  of 
tons  of  rolling-stock  •  without  any  passengers  or  goods ;  and  yet  this  is 
practically  done  in  a  greater  or  less  degree  by  all  railways.  Take,  as 
one  example,  early  workmen's  suburban  trains  to  town,  crammed  to 
overcrowding.  The  total  weight  of  passengers  would  not  exceed  47  to 
50  tons ;  the  rest  of  the  load  is  that  of  the  rolling-stock.  The  same 
train  returns  practically  empty,  still  the  heavy  draught  of  the  rolling- 
btock  has  to  be  borne  by  the  steam-locomotive.  Take  the  up  and  down 
journey  of  such  train  together  :=  but  50  per  cent,  of  its  passenger 
accommodation. 

Mr.  Langdon  has  fully  set  forth  the  economy  of  stationary  as  against 
an  itinerant  generator.  Now  electric  traction  is  specially  adaptable  for 
working  short  trains,  which  means  a  greater  proportion  of  revenue- 
earning  load  to  that  of  the  unproductive  load  of  dead  weight  of  rolling- 
stock,  in  the  dealing  of  which  the  electric  system  must  in  the  long  run 
prove  far  more  economical. 

Mr.  A.  WooDROFFE  Maxton  {communicated) :  As  I  have  been  in-  Mr.  Mauton 
terested  in  the  design  of  steam-turbine-driven  locomotives,  which 
possess  many  advantages  in  common  with  the  modern  electric 
machines,  I  have  been  much  pleased  to  have  this  valuable  paper.  I 
would  like  to  draw  attention  to  these  special  and  some  other  mechani- 
cal advantages  of  the  electric  "  engine  "  (and  its  power-house). 

(i)  It  is  electrically  a  combination  of  4,  6,  or  -8  motor-units,  the 
failure  of  one  or  two  not  causing  complete,  and  delaying,  breakdown ; 
further,  these  units  may  be  grouped  in  series  or  parallel  to  meet  the 
resistance  and  speed  conditions.  The  same  alternation  can  be  made  with 
its  feeder,  the  power-house  plant.  I  presume  that,  later,  a  large  pro- 
portion of  the  gravitation-energy  (now  worse  than  lost)  in  descending 
long  or  steep  gradients  will  be  electrically  recoverable  in  a  simple 
manner,  and  returnable  to  the  transformer  stations,  or  for  use  in  a  motor 
at  the*  time  absorbing  current. 

(2)  The  power — that  is,  tractive  effort — is  not  dependent  on  English 
load-gauge,  on  the  maximum  heating  and  grate  surfaces,  wheel 
diameters,  or  on  the  cylinder-  and  valve-chest  room  between  the  frames. 
The  power-house  steam  cylinders  can  be  efficiently  jacketed,  while 
those  of  the  steam  locomotive  cannot  be  so  assisted.  There  is  an 
absence  of  reciprocating  parts  transmitting  large  efforts,  especially  of 
piston,  connecting  and  eccentric  rods,  and  "  side  "  rods,  and  a  replace- 
ment by  parts  rotating  uniformly  in  constant  direction;  and  the  absence 
of  connecting  and  eccentric  rods  and  crank-webs  allows  of  ample 
bearing  surfaces. 

(3)  All  wheels  are  drivers  and  retarders,  thus  the  maximum  axle 
load  is  much  decreased,  the  total  being  much  lighter  for  same  drawbar- 
puU ;  there  is,  and  consequently,  less  rail-wear  (with  absence  of  rail- 
shock  due  to  want  of  horizontal  and  vertical  balancing  in  reciprocating 
steam  practice),  greater  wheel  -  base  flexibility  for  high  -  powered 
machines,  and  no  dependence  of  adhesion  on  inefficient  "  side  "  rods. 


186     LANGDON  :  STEAM    V,  ELECTRIC  LOCOMOTIVE.     [Dec.  6th, 

.Mi.Manton.  ^^j  The  absence  of  injurious  products  of  combustion  will  much 
increase  the  life,  and  decrease  maintenance,  of  tunnel  rails  and  the 
tunnels  and  bridges  themselves. 

(5)  The  greatest  possible  pacing  load  to  be  moved  on  the  maximum 
gradient  of  a  section  being  independent  of  loading  gauge  and  rigid 
wheel-base,  the  hour  tonnage  can  be  readily  increased  without  fear  of 
blocking  scheduled  traffic,  and  without  resorting  to  enormous  capital 
increase  in  acquiring  land  and  widening  ways  and  works. 

(6)  The  moving  parts  being  few  with  constant  direction,  shop  repairs, 
renewals  and  maintenance  should  be  much  lessened,  especially  in 
labour ;  all  wheel-axle-armature  units  may  be  identical  and  interchange- 
able in  a  short  time  (by  electric-lift  pit  under  rails),  the  difference- 
between  locomotives  for  various  duty  being  made  as  far  as  possible  in 
winding  and  number  of  axles. 

For  tunnels,  repair-shop  roads,  and  points  liable  to  floods,  side 
overhead  trolley  contact  might  be  arranged.  Undoubtedly  much 
cheaper  coal  can  be  converted  in  the  power-house  (in  absence  of  gas 
system  even)  than  with  the  restricted  fire-box  locomotive  design,  and 
this  coal  can  be  more  cheaply  transported  in  large  constant  quantities 
to  the  fewer  points.  I  think  the  author  has  rather,  therefore,  under- 
estimated the  power-house  electromotor  economies;  and  the  Italian 
long-distance  installation  results  will  be  very  interesting  (although 
tonnages  will  probably  be  relatively  low). 

With  reference  to  cost  and  coal  consumption,  in  one  of  last  year's 
magazines  I  noted  that  the  total  costs  per  ton-mile,  including  staff 
and  repairs,  were  o'i52d.,  o'ljid.,  o'lQod.,  on  the  Brooklyn  Elevated, 
average  American  steam  practice,  and  Manhattan  Railway  respectively 
(124,  138,  153  per  cent.),  against  0*1 24d.  (loo  per  cent.)  on  our  Liverpool 
Overhead  Railway  (electric),  which  latter  is  probably  hardly  now 
modern  practice.    Also  it  was  stated  that  coal  consumption  ratio  on 
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train-mile  basis  was ^^ ;  and  that  the  greatest  power-house  and 

41  steam 

motor  coal  consumption  per  axle  per  hour  was  about  79  per  cent,  of 

best  steam  practice.    I  should  be  glad  if  the  author  could  give  more 

modern  figures  on  those  points,  where  it  may  be  said  that  the  traffic  and 

resistance  conditions  make  it  comparable. 

Mr.  Taylor.  Mr.  A.  M.  Taylor  (commuuicatcd) :  Thougli  it  may  be  considered 

by  some  as  undesirable,  in  a  paper  of  this  nature,  to  criticise  details, 

yet,  unless  the  premises  be  correct,  wrong  conclusions  may  possibly 

be  formed. 

First,  as  to  traction  resistance.     It    may  be  presumed  that,   in 

measuring  tractive  resistance,  the  locomotive  engineer  will  select  as 

level  a  piece  of  the  line  as  possible  on  which  to  carry  out  his  tests,  so 

as  to  avoid  corrections  due  to  grades,  etc.     His  principal  object  is  to 

determine  the  best  performance  he  can  get  out  of  his  locomotive  in  the 

way  of  speed,  and  the  coal  bill  does  not  concern  him  to  the  same  extent 

as  it  does  the  electrical  engineer,  whose  principal  object  is  to  prove  the 

economy  of  electric  traction.    We  may  then,  perhaps,  safely  assume 

that  losses  due  to  the  braking  of  trains  when  descending  gradients  do 

not  enter  into  the  determination  of  tractive  resistance.    This  matter  is, 


1900.]  DISCUSSION.  187 

of  course,  of  less  importance  on  railways  than  it  is  on  tramways,  on  ^^'  Taylor. 
which  values  varying  from  0*95  Board  of  Trade  unit  per  car-mile  to 
i'7  B.T.U.  have  been  experienced,  due  to  this  cause,  with  the  same 
size  of  cars.  Let  us  see  whether  it  is  a  negligible  quantity  on  main- 
line railways  such  as  we  are  considering.  The  average  running  speed  of 
Mr.  Langdon's  trains  is  about  34  miles  per  hour,  and  the  tractive  resist- 
ance for  the  level  may  be  put  at  7  lbs.  per  ton,  taking  his  own  figure. 
So  long  as  the  down  gradient  does  not  exceed  yj^  or,  say,  16  feet  to  the 
mile,  it  may  be  considered  as  compensating  the  up  gradient;  but  if 
this  limit  be  much  exceeded  it  will  be  necessary  to  apply  the  brakes. 
In  the  route  from  London  to  Bedford  and  back  again  (100  miles)  it  is 
possible  that  there  may  be  as  much  as  10  miles  of  track,  in  the  aggre- 
gate, where  the  gradient  exceeds  iJu,  giving  a  total  drop  of  320  feet, 
and  160  feet  of  this  is  irrecoverable  lost  cnerg>'.  It  is  true  that  this 
would  only  amount  to  some  2*5  watt-hours  wasted  at  the  generating 
station  for  every  ton-mile  hauled  ;  but  if  the  gradients  were  much 
steeper,  or  longer,  than  I  have  assumed,  the  case  would  be  very  different. 
As  it  is,  it  adds  nearly  10  per  cent,  to  Mr.  Langdon's  figure  of  26  watt 
hours  per  ton-mile  for  the  tractive  resistance  alone.  It  would  be 
interesting  to  know  what  are  the  actual  conditions  on  the  line  in 
question.  Mr.  Raworth  has  given  us  an  estimate  of  the  additional 
power  required  for  starts  and  stops  (which  is,  of  course,  quite  indepen- 
dent of  that  wasted  on  the  gradients),  so  I  do  not  propose  to  touch  on 
this  loss,  which,  however,  seems  to  me  to  be  low. 

Next,  as  regards  the  load-factor.  Mr.  Lackie  has  referred  to  the 
eflFect  of  the  hourly  variations  of  load  on  this  question.  But  what 
I  wish  to  call  attention  to  is  that  the  variations  in  the  output  from 
minute  to  minute  have  also  no  slight  effect  on  the  load-factor.  The 
number  of  trains  considered  is,  comparatively,  quite  small— only  14 — 
and  the  fluctuations  should  be  pretty  considerable,  especially  when  we 
remember  that  goods  trains  (with  their  frequent  stoppages  and  starts) 
form  a  large  proportion  of  the  total  weight  to  be  hauled.  Taking 
grades  and  everything  into  account,  it  will  be  surprising  if,  for  an 
average  load  during  24  hours  of  5,000  kilowatts,  we  do  not  require 
plant  in  the  station  of  8,000  kilowatts,  while  that  of  the  rotary  con- 
verters and  step-down  transformers  will  be  nearly  1,000  kilowatts 
capacity  (excluding  spares).  Bearing  in  mind  that  the  efficiency  of  the 
engines  and  of  the  electrical  plant  falls  off,  after  a  certain  point,  more 
rapidly  than  the  output  diminishes,  we  can  easily  understand  that,  for 
an  average  output  of  5,000  kilowatts,  the  all-day  efficiencies  cannot  be 
sensibly  higher  than  assumed  by  Mr.  Langdon.  I  think  one  or  two  of 
the  speakers  seem  to  have  hardly  appreciated  this  point. 

Lastly,  I  wish  to  say  that  I  quite  agree  with  Mr.  Field's  reported 
remarks  as  to  the  incorrect  number  of  trains  on  the  line  ;  which  do 
not,  however,  vitiate  those  of  Mr.  Langdon's  figures  which  are  based 
on  train-mileage  only. 

Mr.  Reginald  Wood  (communicated):  The  Institution  is  fortunate   Mr,  w~vi. 
in  having  this  important  matter  brought  before  it  from  within  the  rail- 
way companies. 

The  author  is  to  be  congratulated  on  having  t)een  content  to 
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Mr.  Wood,  make  only  a  modest  claim  in  favour  of  electric  traction  on  the  great 
railways,  as  no  doubt  the  greater  economy  will  only  be  achieved  when 
the  service  takes  advantage  of  the  electric  supply  to  alter  its  method 
somewhat,  and  to  sell  current  en  route. 

As  I  take  it  the  author  desires  that  the  discussion  should  show  that 
his  paper  has  been  critically  examined,  I  will  mention  what  appears  to 
me  to  be  an  omission  in  his  statement,  but  as  I  shall  point  out  a  remedy 
the  objection  will  disappear.  It  does  not  appear  to  me  that  the  author 
claims  all  the  economy  he  might  in  shunting. 

The  omission  is  that  no  mention  is  made  of  the  kinetic  energy  of 
the  trains.  If  every  train  stops  once  in  a  quarter  of  an  hour  we  have 
practically  one  train  starting  every  minute.  This  would  demand  an 
extra  i,ooo  kilowatts  working  continuously  with  a  corresponding  20  per 
cent,  increase  in  the  coal  bill.  There  are  no  data  in  the  paper  to  enable 
one  to  state  definitely  whether  this  extra  power  should  be  500  or  1,500 
kilowatts.  But  there  is,  of  course,  no  doubt  that  this  is  a  most  important 
matter,  though  it  may  be  of  more  importance  in  suburban  traffic.  Any- 
how, the  remedy  is  to  brake  the  train  by  returning  the  energy  back  to 
the  contact-rails.  All  that  is  required  is  to  substitute  for  the  resistance 
in  the  series-parallel  control  a  dynamo  carried  on  the  locomotive  and 
coupled  to  another  dynamo  suitably  connected.  It  gives  the  incidental 
advantages  of  smooth  starting  and  stopping,  and  the  attainment  of  any 
electric  pressure  desired  at  any  point.  That  is,  the  electric  pressure 
on  the  locomotive  is  under  the  control  of  the  driver.  He  can  get 
excess  pressure  if  he  wants  it.  It  also  gives  the  advantage  of  saving 
the  energy  usually  lost  over  the  resistance  and  a  great  part  of  that  lost 
in  transmission. 

This  is  a  matter  rather  more  than  of  mere  detail'.  If  there  is  a 
serious  objection  to  absorbing  the  kinetic  energy  of  the  train  by  a 
brake  on  the  locomotive  in  front  of  the  train,  a  good  case  can  be  made 
out  for  redisposing  the  motive  power.  The  description  of  this  con- 
troller is  to  be  found  in  Patent  Specification  23,854  of  1894.  The  suc- 
cessful inaugurator  of  main-line  electric  supply  will  have  earned  a 
nation's  gratitude. 
Mr.  Mr.  W.  H.  Mekriman'  {communicated)  :  There  is  one  point  which 

has  not  been  mentioned  in  the  discussion  on  Mr.  Langdon's  paper,  viz., 
the  extra  precautions,  impossible  on  a  steam  railway,  which  may  be  taken 
to  ensure  the  safety  of  passengers  on  an  electric  railway.  A  very  large 
percentage  of  the  accidents  which  from  time  to  time  occur  on  steam 
railways  is  due  to  engine-drivers  mistaking  the  signals  or  running  past 
them  when  at  "  danger."  It  would  be  a  comparatively  simple  matter 
to  arrange  switches  in  conjunction  with  some  of  the  principal  signals, 
each  of  which  would  cut  out  a  portion  of  the  contact-rail — say  four  or 
five  train  lengths — l>eyond  the  signal  whenever  it  was  at  **  danger." 
Any  driver  then  running  past  a  signal  set  against  him  would  have  his 
attention  at  once  called  to  the  fact  by  the  slackening  in  speed  of  the 
train  owing  to  the  current  being  cut  off ;  while,  at  all  events  at  night 
time,  the  guard  would  also  be  warned  of  the  danger  by  the  extinction 
of  the  train-Ughts — presuming,  as  is  probable,  that  these  would  be 
supplied  with  cunent  taken  direct  from  the  contact-rail.     It  would,  of 
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course,  be  necessary  to  provide  against  the  possibility  of  a  switch  being 
opened  before  a  train  had  reached  the  end  of  that  section  of  the 
contact-rail  which  it  controlled,  in  the  event  of  the  signal  being  raised 
immediately  after  the  train  had  passed  ;  but  this,  I  think,  would  offer  but 
few  practical  difBculties. 

Mr.  J.  Brown  {communicated) :  I  observe  that  engineers  have 
recently  been  turning  their  thoughts  towards  the  contriving  of  some 
means  to  avoid  the  delay  involved  in  stopping  "  local "  trains  at  all  the 
stations,  though  only  a  fraction  of  the  passengers  wish  to  enter  or 
alight  at  any  one  station.  The  plan  of  which  I  send  a  sketch  avoids 
this  inconvenience,  provides  a  through  train  for  every  passenger  from 
any  station  to  any  other,  and  dispels  all  anxiety  or  doubt  about  alighting 
at  a  wrong  station  or  being  carried  past  the  right  one.  As  my  scheme 
could  be  worked  best  by  electric  motors,  and  as  steam  locomotives 
would  be  quite  inapplicable,  it  falls  not  inappropriately  within  the 
scope  of  the  present  discussion. 

The  sketch  (Fig.  JJ)  is  intended  to  represent  an  endless  railway  with 
coaches  arranged  ready  for  starting  the  day's  work.    The  coaches  are 
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of  the  corridor  type  or  like  American  vestibule  cars,  so  as  to  give  a 
passage  right  through  the  train.  Each  coach  has  its  own  separate 
motor,  and  can  thus  run  independently.  A  train  consisting  of,  say,  four 
coaches,  starts  from  station  A.  As  this  train  approaches  station  B,  the 
coach  A  standing  there  is  started  by  the  driver  in  charge  of  it,  and 
sufficient  speed  given  to  it  to  allow  it  to  be  picked  up  between  stations 
B  and  C  by  the  following  train.  This  may  seem  difficult,  but  in  reality 
there  should  be  no  more  difficulty  in  picking  up  a  coach  in  steady  motion 
than  there  is  every  day  in  running  gently  up  to  one  at  rest.  It  is  merely 
a  question  of  relative  motion,  and  with  electric  motors  the  speed  would 
be  easily  and  quickly  controlled.  If  necessary,  an  appropriately  placed 
signal-box  would  eliminate  any  possible  risk  at  this  point.  As  soon  as 
coach  A  has  been  picked  up,  the  driver  of  the  train  goes  to  its  forward 
end  and  there  takes  control  of  the  train,  connection  being  made  to  all 
the  other  carriage  motors  for  that  purpose ;  or  the  driver  of  coach  A 
takes  charge  of  the  train,  and  the  former  driver  goes  to  the  rear  coach 
ready  to  slip  it. 
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Mr.  Brown.  jn  order  to  allow  passengers  for  station  B  to  alight,  the  train,  as  it 

approaches  B,  slips  its  last  coach  marked  B,  which  is  then  brought  to  a 
standstill  at  station  B.  The  same  process  is  repeated  at  each  station. 
The  result  is  a  through  express  for  every  station.  The  passenger  simply 
enters  a  carriage  standing  at  the  platform  from  which  he  departs.  As 
soon  as  it  is  coupled  to  the  train  he  looks  (at  his  leisure)  for  the  carriage 
marked  for  his  destination,  and  remains  there  till  the  carriage  stops, 
when  he  can  alight  with  ease.  He  may  not  find  his  <Jarriage  at  once, 
but  certainly  a  few  stations  before  his  destination.  Two  or  more 
coaches  may  be  slipped  or  picked  up,  of  course,  if  one  is  not  enough. 

Although  here  shown  as  applied  to  endless  railway,  the  scheme  is 
equally  appUcable  to  a  railway  with  termini.  It  would  be  eminently 
suitable  for  the  various  underground  electric  railways  recently  proposed 
for  London.  From  an  engineering  point  of  view  several  advantages 
accrue  which  may  not  be  at  first  sight  apparent,  viz.  :  A  much  shorter 
station  is  required  than  in  the  usual  method  where  the  whole  train  has 
to  be  accommodated  at  every  platform,  and  considerably  less  power 
would  be  required  since  only  a  fraction  of  the  train  has  to  l>e  stopped 
and  started.  The  load  would  also  be  more  constant,  in  fact  it  would 
scarcely  vary  at  all. 
Mr.  Tuin-  Mr.  J.  D.  TwiNBERROW    (communicated) :  Mr.   Langdon  has  not 

credited  the  performance  of  the  steam  locomotive  with  possible  im- 
provement upon  the  existing  practice  of  the  Midland  Railway. 

This  company  appeared  to  favour  the  division  of  the  traffic  into 
numerous  trains  of  low  gross  weight,  worked  by  locomotives  of  con- 
•  siderable  elegance  but  having  small  capacity.  Recent  practice  in 
America  and  on  the  Continent  exhibited  a  preference  for  fewer  trains 
of  greater  weight  worked  by  engines  of  great  hauling  and  earning 
capacity ;  thus  a  standard  American  engine  for  mineral  traffic  was 
provided  with  boiler  heating  surface  about  2i  times  greater  than  that  of 
the  Midland  engine  for  a  similar  purpose,  and  recent  passenger  engines 
in  France  had  70  per  cent,  more  boiler  power  than.the  express  locomo- 
tives of  the  English  company. 

The  small  loading  gauge  increased  the  difficulty  of  constructing 
powerful  engines  for  working  on  British  railways,  but  no  impK>rtant 
modification  was  involved  by  an  addition  of,  say,  85  per  cent.,  which 
would  suffice  for  doubling  the  gross  weight  behind  the  tender ;  he  had 
examined  the  saving  per  net  ton-mile  which  would  result  from  this 
modification,  and  was  of  opinion  that  the  cost  of  locomotive  power 
in  working  the  coal  traffic  to  London  would  be  reduced  by  not  less  than 
30  per  cent.  This  economy  could  be  realised  without  great  capital 
expenditure  by  devoting  the  current  outlay  for  renewals  to  the  provision 
of  machinery  of  greater  earning  capacity,  relegating  the  existing  stock 
of  locomotives  to  shunting  and  branch-line  service,  and  scrapping  the 
lighter  engines  as  they  came  to  require  heavy  repairs. 

If  English  engineers  would  be  guided  by  what  had  already  been 
accomplished  elsewhere,  in  preference  to  adhering  rigidly  to  their  own 
precedent,  they  would  be  able  to  effect  with  certainty  an  economy 
nearly  twice  as  important  as  that  which  the  author  is  able  to  deduce 
from  a  somewhat  speculative  basis,  with  the  disadvantage  of  a  heavy 
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capital  outiay  and  immense  inconvenience  in  effecting   the  Installa-    ^J;i^°' 
tion. 

The  chief  sources  of  economy  in  the  application  of  electricity  to 
tractive  work  appeared  to  be  (a)  saving  of  tare  weight ;  (6)  increased 
revenue  mileage  per  unit  of  labour.  A  saving  under  the  first  heading 
could  only  be  effected  in  practice  by  applying  the  motors  to  some  of  the 
carrying  axles  of  the  vehicles ;  and  that  under  the  second  heading  was 
important  because  the  steam  locomotive  was  not  an  automatic  machine, 
and  required  so  much  attention  that  its  attendants  usually  earned 
revenue  during  less  than  one-half  of  the  hours  of  duty.  It  was  remark- 
able that  the  author's  proposal  did  not  provide  for  any  saving  under 
these  headings. 

Mr.  E.  KiLBURN  Scott  {communicaied) :  If  there  were  no  other  Mr.scott. 
result  of  Mr.  Langdon's  paper,  it  would,  in  the  writer's  opinion,  have 
served  a  useful  purpose  in  showing  the  difficulties  of  working  railways 
by  separate  electric  locomotives  and  also  the  objections  to  a  system 
such  as  the  Central  London  when  applied  to  main-line  electric  railways. 
Even  if  the  pressure  on  the  third  rail  were  raised  much  higher  than  500 
volts,  there  would  still  be  objections  to  converting  high  pressure  three- 
phase  to  continuous  current  by  transformers  and  rotary  converters. 

Being  a  synchronously  running  piece  of  apparatus,  the  overload 
capacity  of  the  rotary  converter  is  distinctly  limited.  It  must  be  made 
large  enough  to  take  the  maximum  load  under  the  very  worst  conditions 
without  falling  out  of  ^tep,  and  naturally  this  load  is  a  much  higher 
figure  than  is  required  under  average  conditions.  Assuming  sixteen 
trains  per  day,  the  rotary  is  only  likely  to  be  giving  current  for  a  few 
minutes  every  half-hour  or  so,  the  rest  of  the  time  being  spent  in 
running  round  uselessly.  On  the  other  hand,  the  static  transformers 
required  for  three-phase  working  will  take  extremely  large  temporary 
overloads  if  there  is  time  to  cool  down  between  the  periods  of  over- 
loading, consequently  comparatively  small  static  tran^ormers  may  be 
employed,  and,  when  running  on  no  load,  the  constant  iron  loss  is  a 
very  small  percentage  compared  with  hysteresis,  eddy,  commutator, 
and  friction  losses,  which  are  constant  with  the  rotary  converter. 

Comparing  the  three-phase  Burgdorf-Thun  results  with  those 
obtained  on  the  South  Side  Elevated  Railway  (continuous  current)  of 
Chicago,  worked  on  the  Sprague  system,  it  has  been  shown  by  Professor 
Cams- Wilson  that  whilst  the  continuous-current  motors  use  87  per  cent, 
of  the  energy  required  by  the  three-phase  motors,  the  latter  get  up 
speed  in  81  per  cent,  of  the  time  required  by  continuous  current.  The 
redaction  of  energy  in  the  continuous-current  motor  is  due  to  the  use  of 
series-parallel  control ;  but  there  is  this  most  important  feature  in  favour 
of  three-phase,  that  the  maximum  power  input  required  by  the  motors  on 
the  Burgdoff'Thun  line  was  only  about  70  per  cent,  of  that  at  Chicago. 
The  importance  of  this  is  seen  when  we  consider  that  a  reduction  of 
the  maximum  power  input  reduces  materially  the  size  of  the  secondary 
conductors  and  cables,  the  output  of  the  transforming  apparatus,  the 
size  of  the  main  generators,  and  through  them  the  engines  and  boilers. 
Above  all  things,  therefore,  any  s)rstem  can  be  pronounced  "  very  good  " 
which  tends  to  reduce  maximum  power  input. 
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Mr.  Scott  jf  ^j.  Langdon  can  make  out  so  good  a  case  on  a  system  practically 

identical  with  the  Central  London,  then  it  says  much  for  the  future  for 
electric  railway  working,  because  there  is  no  doubt  whatever  that  better 
results  can  be  got  by  adopting  three-phase  traction  throughout.  For 
example,  the  lo  per  cent,  loss  in  efficiency  of  rotaries  would  be  swept 
away ;  the  cost  of  the  five  substations  and  their  equipment,  given  at 
;£8o,ooo,  would  be  reduced  to  at  least  half ;  and  finally,  the  greater 
proportion  of  the  wages  of  the  five  assistant  engineers,  etc.,  at  the  sub- 
stations, given  at  £5,472,  or  nearly  15  per  cent,  of  the  total  estimated 
cost  of  generation  and  distribution  of  current,  would  practically  dis- 
appear. Even  if  there  were  three  times  as  many  substations,  the  step- 
down  transformers  could  be  very  well  left  to  look  after  themselves. 

The  fact  that  certain  parts  of  the  lines  are  liable  to  be  flooded,  and 
the  importance  of  having  a  standard  method  of  picking  up  current  puts 
the  third  rail  on  the  sleepers,  out  of  court  altogether.  It  is  possible  to 
use  a  third  rail  on  underground  railways  (although  even  in  such  situations 
it  is  questionable  whether  it  would  not  be  better  to  have  smaller  and 
less  get-at-able  conductors  fixed  overhead),  but  on  main-line  railways 
the  difficulty  of  preventing  people  and  occasionally  animals  getting  on 
to  the  line  would  make  the  third-rail  system  quite  too  dangerous.  The 
conductors  might  be  put  into  a  conduit  by  the  side  of  the  track,  but 
there  would  be  great  complication  at  crossings  and  the  conduit 
would,  of  course,  be  liable  to  be  flooded.  There  is  nothing  for  it, 
therefore,  but  to  suspend  the  conductors  on  span  wires  immediately 
over  the  track,  or,else  place  them  one  above  the  other  on  poles  at  the 
side  of  the  road.  The  \\Titer  thinks  this  latter  method  the  best ;  but  the 
point  to  be  noticed  is  that  as  the  conductors  are  to  be  overhead,  it  is 
better  to  have  them  small  in  section  ;  in  fact,  it  is  difficult  to  see  how 
anything  but  copper  wire  can  be  used.  Now  with  small-section  wire  it 
is  clear  that  to  run  a  train  the  voltage  must  be  in  the  nature  of  thousands 
rather  than  hundreds  of  volts. 

It  is,  indeed,  very  questionable  whether,  at  the  high  speeds  of  50 
miles  an  hour  and  upwards,  the  large  currents  required  for  low- voltage 
working  could  be  picked  up  conveniently.  The  limit  for  the  ordinary 
trolley  wheel  used  on  tramcars  seems  to  be  about  25  miles  an  hour,  but 
the  Siemens  bow  and  the  collecting  shoe  will  pick  up  current  at  higher 
speeds ;  everything,  however,  appears  to  depend  on  the  amount  of 
current.  Messrs.  Siemens  and  Halske  have  recently  made  experiments 
with  special  bow  trolleys,  moving  horizontally,  picking  up  current  from 
three  conductors  fixed  at  the  side  of  the  road.  The  arrangement  w^orks 
very  well  indeed,  and  it  is  found  that  the  collection  is  best  at  the  higher 
pressure  of  10,000  volts.  Having  three  conductors  at  the  side  of  track 
makes  an  exceedingly  neat  arrangement,  as  there  are  no  span  wires  and 
the  bow  contact  allows  plenty  of  variation  in  height  for  sag.  Should 
one  trolley  miss  the  wire,  the  motor  will  still  continue  to  run  on  the 
other  phases. 

With  steam  traction  it  is  necessary,  in  order  to  reduce  expenses,  to 
make  up  trains  of  considerable  length,  so  long,  in  fact,  that  it  is  not  an 
unfrequent  occurrence  to  have  to  pull  up  a  train  twice  at  a  w*ayside 
platform.     Now  with  electric  traction  there  is  no  advantage  in  having 
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long  trains ;  in  fact,  it  is  rather  the  reverse,  as  current  is  always  on  tap,  Mr.  Scott. 
as  it  were.  Short  trains  run  at  frequent  intervals,  give  a  more  even 
load,  and  as  the  staffs  at  the  various  stations  are  more  regularly 
employed,  there  is  a  more  punctual  service  and  an  improvement  of 
conditions  all  round  by  enabling  traffic  and  luggage  to  be  handled  with 
greater  facility.  As  Prof.  Carus- Wilson  rightly  points  out,  the  main-line 
railways  pay  fairly  well  as  they  are  ;  it  is  the  short  branch  lines  with 
half  a  dozen  or  so  trains  a  day  which  fonn  the  non-pa3ring  portions  of 
the  railway  s)rstems.  Several  such  lines,  worked  electrically  from  a 
common  central  station,  could  no  doubt  be  made  to  give  nearly  as  good 
results  as  an  electric  tramway,  and  by  feeding  the  trunk  lines  more 
regularly  would  lead  to  an  improvement  of  the  system. 

For  the  benefit  of  those  speakers  who  seemed  to  think  that  a  number 
of  small  stations  are  preferable  to  one  large  one,  it  may  be  mentioned 
that  before  deciding  on  the  one  station  of  ioo,ooo  H.P.  on  the  East 
River  frontage.  New  York,  the  Engineering  Board  of  the  Manhattan 
Elevated  Railway  thoroughly  considered  nine  different  schemes,  most 
of  them  being  for  more  than  one  station.  The  total  length  of  third  rail 
on  this  line  is  75  miles,  and  three-phase  current  is  generated  in  the 
central  station  at  11,000  volts. 

Mr.   Langdon  then  replied  briefly,  but  the  full  text  of  his  reply,   J^- 
with  remarks  added  subsequently,  is  printed  at  the  conclusion  of  the 
discussion  at  Local  Sections  meetings  (see  p.  218). 

The  Presidekt  :  I  think,  gentlemen,  you  will  have  no  hesitation  in  The 
according  to  Mr.  Langdon  your  warmest  thanks  for  his  paper 

The  vote  was  carried  by  acclamation. 

The    President    announced    that   the    scrutineers    reported    the 
following  candidates  to  have  been  duly  elected  : — 

Associate  Member: 
Alfred  Henry  Bland. 

Associate: 
Ernest  Philip  Alphonso  Law. 

Student : 
Samuel  Blackley. 
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NEWCASTLE   LOCAL   SECTION. 

The  Newcastle  Local  Section  of  the  Institution  of 
Electrical  Engineers  met  in  the  Chemical  Lecture  Room, 
Durham  College  of  Science,  Newcastle  on  Tyne,  on  Mon- 
day, the  loth  of  December,  Mr.  A.  W.  Heaviside  (Chairman) 
in  the  chair. 


Mr.  Dobbic 


Mr. 
Turnbull. 


Mr.  Ralph. 


Discussion  on  Mr.  Langdon's  Paper  on  "The  Super- 
session OF  THE  Steam  by  the  Electric  Loco- 
motive."    {Read  in  London^  November  igth,  1900.) 

Mr.  R.  S.  Dobbie  :  In  the  paper  before  us,  the  question  of  the 
money  represented  by  the  carriage  of  the  necessary  coal  and  water  for 
steam  locomotives  over  a  large  number  of  train-miles  was  not  brought 
forward  as  strongly  as  it  might  be.  It  represented  the  transportation 
of  a  heavy  dead- weight  from  which  no  income  was  derived.  The 
paper  contined  itself,  when  treating  of  electric  traction,  to  the  use  of 
electric  locomotives.  The  modern  tendency  is  to  use  a  large  number 
of  motors ;  in  fact,  one  on  every  axle  of  the  train,  and  the  cars  are 
controlled  either  individually  or  collectively  by  controlling  devices 
operating  from  any  one  point.  These  principles  have,  I  believe,  been 
put  into  operation  in  the  city  of  Brooklyn,  U.S.A.,  and  are  called  by  the 
inventor,  Mr.  Frank  Sprague,  the  well-known  pioneer  in  street  railway 
work,  "  The  Multiple  Unit  System." 

Mr.  C.  Turnbull  :  With  regard  to  the  statement  that  the  coal 
would  be  saved  which  is  at  present  used  by  locomotives  standing  in 
sidings,  etc.,  I  think  that  this  would  be  considerably  counterbalanced 
by  the  coal  used  in  keeping  steam  on  the  boilers  at  the  supply-station 
sufficient  to  meet  the  maximum  demand,  which  would  only  come  on 
at  intervals.  This  point  would  be  best  dealt  with  by  finding  out  what 
actually  are  the  losses  on  locomotives  from  this  cause.  With  electric 
trains  it  may  be  possible  to  develop  a  method  of  setting  down  and 
taking  up  passengers  from  moving  trains.  This  could  be  done  by 
slipping  a  motor-carriage  off  from  the  main  train  with  passengers  who 
wanted  to  be  set  down,  while  another  motor-carriage  could  be  run  up 
to  the  main  train  with  the  passengers  who  wished  to  join  it.  This  would 
mean  that  the  main  train  would  have  to  slow  down  a  little  to  allow  the 
motor-carriage  to  catch  up  to  it.  Possibly  this  disadvantage  could  be 
got  over  by  sending  the  carriage  on  first  and  allowing  the  main  train 
to  catch  up  to  it.  I  think  the  experiment  might  be  tried  in  some  form 
on  our  suburban  lines.  It  would  act  somewhat  in  the  manner  of  the 
moving  platform  of  the  Paris  Exhibition. 

Mr.  G.  Ralph  :  I  take  it  that  the  whole  object  of  the  proposed 
change  to  electricity  as  the  motive  power  for  trains  is  to  efifect 
economy  in  the  working  expenses.  Given  that  is  so,  I  should  like  to 
draw  attention  to  another  point  where  economy  might  possibly  be 
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effected  which  applies  equally  to  electric  and  to  steam  traction,  and  ^*'-  ^^p^- 
that  is  the  saving  of  power  by  the  use  of  roller-bearings.  It  is  well 
known  that  these  bearings  reduce  the  bearing-friction  in  a  very  marked 
degree,  and  it  is  a  matter  of  surprise  to  me  that  no  experiments  have 
been  made  in  connection  with  these  by  the  railway  companies.  I  made 
some  tests  a  few  years  ago  on  an  ordinary  railway-coach,  first  with 
the  ordinary  bearings,  and  then  with  the  same  coach  fitted  with  roller- 
bearings.  The  ordinary  bearings  required  about  45  per  cent,  more 
power  to  run  the  coach  at  a  given  speed  than  when  the  roller-bearings 
were  fitted.  .  (This  was  at  a  low  speed,  about  10  miles  per  hour.)  It  is 
possible  that  they  would  not  stand  the  rough  usage  of  railway  work, 
and  I  am  not  prepared  to  state  how  long  they  would  wear,  though  it  is 
stated  that  on  an  electric  railway  at  Rhode  Island,  U.S.A.,  rolling  stock 
fitted  with  them  ran  for  21,000  miles  and  no  appreciable  wear  could  be 
detected.    It  seems  well  worth  while  giving  them  a  trial. 

Mr.  DoBBiE  :  As  to  the  matter  of  roller-bearings  on  street  cars,  Mr.  Dobbie. 
they  certainly  save  a  large  amount  of  current  at  the  moment  of  starting, 
but  whether  they  save  much  energy  during  the  running  of  the  car  I 
cannot  speak.  I  have  lately  applied  ball-bearings  to  motors,  etc.,  and 
by  a  careful  series  of  tests  I  found  that  in  a  particular  motor  of  3  H.P. 
with  well  lubricated  bearings,  the  substitution  of  ball-bearings  in  the 
same  motor  showed  an  apparent  gain  in  efficiency  of  only  i  per  cent. 
I  may  state  that  ball-bearings  are  used  by  me  with  quite  another  inten- 
tion than  to  gain  efficiency. 

Mr.  G.  Ralph  :  I  quite  agree  with  Mr.  Dobbie  that  there  is  a  very  Mr.  Ralph. 
great  reduction  in  the  starting  pull  when  roller-bearings  are  used,  but 
in  addition  to  this  the  tests  which  I  referred  to  clearly  proved  that 
there  was  also  a  large  saving  in  the  actual  running  at  that  speed,  since 
the  watts  put  into  the  motor  were  20  per  cent,  less,  and  at  the  same 
time  the  speed  increased  25  per  cent,  when  the  roller-bearings  were 
substituted  for  the  ordinary  brasses.  When  reduced  to  the  same 
speed,  these  figures  show  that  with  ordinary  bearings  45  per  cent,  more 
power  is  required. 

Mr.  Dobbie  :  The  roller-bearings  I  have  seen,  and  with  which  the  Mr.  Dobbie. 
starting  current  was  undoubtedly  reduced,  probably  as  Mr.  Ralph 
states  by  30  or  40  per  cent.,  were  the  Hyatt  patent,  the  rollers  of  which 
are  made  of  slightly  flexible  steel  spirals,  which  accommodate  them- 
selves and  automatically  distribute  the  load  on  half  the  rollers  more  or 
less. 

Mr.  O.  L.  Falconar  :  Mr.  Dobbie  has  mentioned  something  about  Mr. 
saving  dead-weight.  I  should  like  to  know  what  would  be  the  weight 
of  a  large  electric  locomotive,  equal  in  power  to  some  of  the  large 
N.E.R.  passenger  locomotives.  I  think  it  would  come  to  a  considerable 
amount  It  occurred  to  me  that  an  electric  locomotive  would  require 
extra  weight  to  provide  the  necessary  amount  of  adhesion  for  the 
wheels  in  starting,  so  the  saving  might  not  be  so  great  after  all.  Perhaps 
Mr.  Holmes  would  give  more  information  on  the  matter.  The  multiple- 
unit  system  is,  I  think,  the  most  reasonable  method  for  passenger 
trains,  but  I  do  not  know  how  they  would  manage  with  goods  trains. 

Mr.  J.  H.  Holmes  :  With  regard  to  the  multiple  unit  system,  I  am   Mr.  HoI 
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^f  r.  Dobbie. 


Mr.  Holmes,  not  familiar  with  the  details  of  the  system,  as  I  have  not  had  an  oppor- 
tunity of  seeing  it  in  operation,  but  I  think  Mr.  Dobbie  has  had  an 
opportunity  of  seeing  it  and  will  have  a  better  idea  of  the  matter.  The 
controllers  at  the  end  of  each  car  are  all  worked  electrically  by  sniall 
electric  motors,  arranged  to  work  in  unison  with  each  other,  so  that  the 
driver  handling  one  controller  at  one  end  of  the  train,  will  work  all  the 
motors  in  the  train.  Of  course,  the  system  is  not  used  with  the  electric 
locomotive,  but  it  practically  gets  over  the  difficulty  of  having  a  heavy 
electric  locomotive  at  the  end  of  the  train. 

The  question  of  roller-bearings  is  a  very  interesting  one,  and  as  we 
have  had  such  very  different  figures  submitted  to  us  this  evening,  it 
seems  to  point  to  a  difference  in  quality.  It  seems  to  me  that  a  roller- 
bearing  to  be  effective,  should  be  as  hard  as  possible  so  that  it  can  keep 
its  shape,  and  roll  evenly  on  the  hardened  surface,  and  if  the  surface  is 
correctly  made  it  ought  to  work  perfectly. 

With  regard  to  the  question  of  changing  over,  I  can  see  a  difficult^^ 
in  changing  over  to  the  electric  locomotive  from  the  steam  locomotive. 
If  the  change  would  involve  the  same  amount  of  confusion  on  our  rail- 
ways as  we  are  now  experiencing  in  Newcastle  on  our  tramw*ays  b^' 
changing  them  from  horse-power  to  electric  power,  I  do  not  think  we 
should  like  to  make  the  change  just  at  present. 

Mr.  Dobbie  :  I  think  if  it  is  looked  into,  that  the  principle  of  a 
spring  roller  is  the  correct  one.  The  amount  of  deformation  is  only  a 
few  thousandths  of  an  inch  or  so,  and  if  this  slight  spring,  which  is  not 
beyond  the  elastic  limit,  has  the  effect  of  distributing  the  load  on  a 
number  of  the  rollers,  it  is  evidently  better  than  that  the  whole  stress 
should  be  expended  on  one,  or  on  a  part  of  one,  glass-hard  unyielding 
piece  of  steel.  I  have  seen  the  Hyatt  roller-bearings  in  a  train  of  rolls 
for  sheet  metal,  where,  with  hardly  any  lubrication,  they  operated  suc- 
cessfully, the  bush  in  which,  they  ran  being  of  cast-iron  lined  with  a 
spiral  made  of  steel  strip  in  the  same  way  as  the  rollers  themselves. 

Mr.  L.  Wood  :  If  the  line  voltage  were  to  be  3,000,  as  the 
engineers  of  a  proposed  Italian  railway  hoped  to  use,  and  feeder 
voltage  were  raised  to  20,000  or  even  more,  there  would  be  a  great 
saving  in  the  cost  of  conductors  which  would  be  one  of  the  heaviest 
items  in  the  cost  of  conversion.  Presumably  the  /eeder  cables  would 
be  laid  in  iron  pipes  along  the  permanent  way,  and  might  perhaps  be 
advantageously  made  concentric  with  the  outer  conductor,  bare  and 
earthed.  The  current  on  the  motors  would  be  three-phase,  which 
appeared  to  have,  under  some  circumstances,  advantages  over  direct 
current. 

Mr.  A.  W.  Heaviside  :  Now  that  we  know  that  high  speeds  up  to 
100  miles  an  hour  are  contemplated  in  electric  traction,  does  it  not 
become  important  that  the  form  of  the  surfaces  presented  to  the  air  in 
the  direction  of  motion  should  be  such  as  to  offer  the  least  resistance, 
as  in  the  torpedo  boat  or  the  body  of  a  bird  ? 

Mr.  DoBHiE  :  With  reference  to  the  high  speeds  mentioned,  many 
years  ago  Mr.  O.  T.  Crosby  ran  an  electric  locomotive  at  the  rate  of 
120  miles  an  hour,  and  the  trouble  experienced  in  maintaining  the 
insulation  led  me  to  patent  the  placing  of  the  armatures  on  springs 
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around  the  aide  so  that  vibrations  were  not  communicated.  Engines  Mr.  Dobbie, 
embod3ring  this  principle  have  been  made  up  to  45  tons  in  weight 
to  run  with  a  heavy  train  about  30  miles  per  hour.  As  for  such 
speeds  as  120  miles  per  hour,  although  there  is  nothing  impossible  in 
them,  I  should  be  ver>'  satisfied  if  we  could  run  up  to  London  at  50  or 
60  miles  per  hour  behind  an  electric  locomotive. 

The  matter  of  shaping  the  locomotive  and,  indeed,  the  whole  train, 
has  already  had  attention.  Mr.  Heihnan  has  studied  the  shape  of  the 
front  of  the  locomotive,  and  the  Philadelphia  and  Reading  Railroad  has 
experimented  with  a  train  of  cars  made  to  present  as  smooth  a  surface 
as  possible  to  prevent  what  naval  architects  call  "  skin -friction,"  and 
reach  speeds  of  over  80  miles  an  hour. 

Mr.  A;  W.  Heavhside:  With  regard  to  Mr.  TurnbuUs  objection  to  Mr. 
large  central  stations  of  the  Willesden  type  which  he  instances,  it  must 
be  remembered  that  it  is  a  pioneer  station  of  its  class,  if  one  may  except 
Ferranti's  Deptford  power-house  (somehow  Ferranti  always  points  the 
way).  The  aim  of  such  stations  is  to  get  a  mean  steady  load  by  dis- 
tributing over  an  area  of  many  wants  arising  at  different  times  all 
through  the  day,  and  Mr.  Langdon's  proposal  is  on  these  lines.  Their 
success  will  depend  on  the  productions  gains  of  such  a  load  not  being 
swallowed  up  by  the  distribution-losses.  Already  much  information 
exists  as  to  the  cost  of  such  a  load,  as,  for  instance,  in  the  running  of 
alternating-current  stations.  Continuously  energising  transformers 
over  a  wide  area  throughout  the  whole  year  is  an  example,  and,  as 
regards  cost,  one  farthing  per  horse-power,  where  coal  is  cheap,  is  not 
wide  of  the  mark. 

After  the  advantage  of  having  read  the  criticisms  of  the  technical 
press,  I  think  that  Mr.  Langdon  understands  the  principles  underlying 
the  whole  thing,  and  though  much  will  have  to  be  done  of  an  experi- 
mental character  before  main  line  railways  are  run  electrically,  the 
beginning  has  come  now. 

As  it  is  growing  late,  I  think  we  should  close  the  discussion  for  this 
evening,  but  not  without  putting  on  record  how  much  we  thank  Mr. 
Langdon  for  his  paper. 

The  vote  was  carried  by  acclamation. 
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GLASGOW  LOCAL   SECTION. 

The  Glasgow  Local  Section  of  the  Institution  of  Electrical 
Engineers  met  in  the  Institute  Buildings,  207,  Bath  Street, 
Glasgow,  on  Wednesday,  the  12th  of  December,  at  8  p.m., 
Professor  M.  Maclean  (Vice-Chairman)  in  the  chair. 

Discussion  on  Mr.  Langdon's  Paper  on  "The  Super- 
session OF  THE  Steam  by  the  Electric  Loco- 
motive."    (Read  in  London^  November  29//1,  1900.) 

The  The  Chairman,  after  giving  a  short  summary  of  the  paper,  read  the 

^^****™""*      following  communication  which  the  Hon.  Secretary  of  the  Section  (Mr. 

E.  George  Tidd)  had  received  from  Mr.  Langdon : — 
Mr.  Mr.  Langdon  (communicated) :  Your  Section  is  to  do  me  the  honour 

Uingdon.       Qf  discussing  my  paper  on  the  *' Supersession  of  the  Steam  by  the 
Electric  Locomotive"  on  the  evening  of  the  12th. 

I  hope  it  may  not  be  thought  that  in  submitting  for  the  consideration 
of  your  Chairman  the  following  observations  I  am  attempting  in  any 
way  to  direct  or  influence  the  discussion,  but  questions  having  been 
raised  on  the  occasion  of  last  Thursday's  discussion,  at  the  Electrical 
Engineers  in  London,  of  the  accuracy  of  the  formula  employed  by  me 
for  obtaining  the  pounds  tractive  effort  per  ton,  on  which  of  course  my 
calculations  are  very  largely  based,  1  am  particularly  anxious  that  this 
important  question  should,  if  opportunity  arises,  be  dealt  with.  It  may 
be  that  you  may  be  favoured  with  the  presence  of  locomotive  or 
mechanical  engineers  who  may  be  prepared,,  if  the  formula  which  I 
have  used  is  in  their  opinion  inadequate,  to  furnish  a  formula  which 
they  may  regard  as  reliable.  I  may  perhaps  add  that  I  have  every  con- 
fidence in  the  source  from  which  I  received  the  formula  which  I  have 
used.  I  know  it  to  be  the  result  of  a  number  of  practical  experiments, 
but  I  have  not  yet  ascertained  that  it  is  applicable  to  goods  tndns.  The 
various  formulae  given  do  not  attempt  to  make  a  distinction  between 
goods  and  passenger  trains.  If  reference  is  made  to  the  diagram 
furnished  in  Fowler's  "  Mechanical  Engineer "  Pocket  Book  for  1900, 
it  will  be  seen  that  there  are  three  curves  which  practically  coincide 
whilst  that  of  Clark's  deviates  from  these  three  to  a  very  great  extent. 
"  Molesworth  "  expresses  Clark's  as  follows : — 

6  +  *oo9  V*. 
If  this  is  carried  out  in  respect  of  the  No.  i  class  of  train  shown  in 
my  Table  IV.,  it  will  be  found  to  result  in  a  per  train  horse-power  of 
1,045  as  against  477  by  the  formula  which  I  have  used;  and  if  it  is 
applied  to  No.  4  class  of  train,  the  demand  will  be  386  horse-power  as 
against  183. 

The  difference  is,  as  you  will  see,  very  great — indeed  so  great  as  to 
raise  the  question  whether  a  steam  locomotive,  travelling  at  the  speed 
of  fifty  miles  ^'  '  '*d  give  that  horse-power  output. 
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Another  point  commented  upon  was  the  scheme  of  plant.  Whether  Mj: 
it  was  more  desirable  to  employ  a  central  generating  station,  suppl3ring 
certain  sub>stations,  or  for  the  sub-sections  to  be  provided  for  by,  what 
I  may  perhaps  call,  local  generating  stations.  I  am  clearly  of  opinion 
that  those  who  argue  in  favour  of  local  generating  stations  have  not 
thoroughly  appreciated  the  many  advantages  that  attach  to  the  central 
and  sub-station  system.  If  each  section  is  to  be  worked  by  local  gener- 
ating services,  then  the  machinery  established  and  in  operation  must  be 
sufficient  to  meet  any  demand  that  may  arise  on  that  section,  which 
would  mean  an  increase  in  cost  for  plant,  coal  and  labour.  It 
would  be  impossible  to  guarantee  a  fixed  demand.  The  varying 
difficulties  which  arise  in  working  trains  at  the  present  time  will  Jiot  be 
inseparable  from  trains  worked  electrically.  Practically  the  same  con- 
ditions will  attend  them.  The  load  in  the  several  sections  will  be 
continually  varying.  With  a  central  generating  system  the  load,  as  it 
shifts  from  one  section  to  another,  will  not  vary  to  any  great  extent  the 
load  at  the  central  station  —  that  will  remain  practically  constant, 
depending  upon  the  sum  total  of  the  load  comprised  within  the  demand 
of  the  several  sections  served  by  the  central  station. 

Another  argument  in  favour  of  the  central  station  and  sub-section 
system  is  that  it  will  be  capable  of  meeting,  to  a  large  extent,  without 
stress,  the  varying  demand  consequent  upon  the  starting  of  trains.  At 
the  moment  when  inertia  is  being  overcome  in  one  place,  there  will  no 
doubt  be  a  relaxation  of  the  demand  for  power  at  another  point — i.e.,  as 
an  instance  in  point,  a  train  may  be  running  into  a  station  simply  under 
the  influence  of  momentum  without  any  help  whatever  from  current, 
whilst  at  another  station  a  train  may  be  starting  and  will  require,  for  a 
moment  of  time,  a  large  accession  of  current.  Of  course  this  would 
apply  to  some  extent  in  a  local  section  generating  its  own  current,  but 
it  will  apply  very  much  more  largely  with  the  central  station  scheme — 
that  is,  as  it  will  take  a  larger  area,  so  the  opportunity  for  equalisation 
will  be  greater. 

If  after  reading  this  you  should  think  that  the  matter  I  have  taken 
the  liberty  to  submit  to  you  is  of  sufficient  importance  to  read  to  the 
members  at  your  meeting,  I  should  feel  obliged  if  you  will  do  so.  My 
great  desire,  of  course,  is  to  get  at  reliable  data.  In  adopting  the 
formula  which  forms  the  basis  of  my  calculations  I  placed,  as  I  still  do, 
every  confidence  in  it ;  but  if  it  can  be  proved  to  be  wrong  to  such  an 
extent  as  materially  to  modify  my  deductions,  it  would  be  only  honest 
that  such  should  be  done.  I  need  hardly,  however,  add,  that  the  matter 
is  one  of  so  great  importance,  that  there  should  be  no  doubt  as  to  the 
absolute  accuracy  and  source  of  any  formula  that  may  be  advanced  in 
place  of  that  which  I  have  used. 

Since,  inditing  the  above,  I  have  received  from  the  author  of  the 
formula  used  by  me  a  communication  thereon,  copy  of  which  I  append. 
The  data  was,  as  you  will  see,  collected  from  actual  experiment  in  1891, 
since  which  date  the  tendency  due  to  improved  lubrication,  etc.,  should 
l>e,  if  anything,  to  reduce  the  tractive  effort  result. 


Langdon. 
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J'*^    .  "  Midland  Railway,  Locomotive  Department, 

"  Derby,  Dec.  lo/A,  1900. 
"  W.  Langdon,  Esg.,  Derby. 

*'  Dear  Sir, — I  am  sorry  that  I  was  unable  to  be  present  to  hear  your 
paper  read,  and  offer  some  facts  in  support  of  the  train  resistance 
figures  you  submitted,  for  I  quite  agree  \sith  your  conclusions  on  this 
matter. 

"  The  formula  you  have  adopted  agrees  with  tlie  results  I  obtained 
in  1 891  with  trains  running  on  the  Midland  Railway  between  London 
and  Nottingham.  In  all,  about  four  hundred  sets  of  figures  were  taken, 
and  in  calculating  the  train  resistance  from  them,  proper  allowance  was 
made  for  gradient  acceleration,  energy  of  revolving  wheels,  etc. 

*'The  results  agree  closely  with  others  obtained  by  Barbier,  Du 
Bosquet,  and  other  careful  investigators.  The  train  resistances  at  high 
speeds  given  by  Clark  and  some  others  are  quite  unreasonable.  The 
coal  and  water  consumption  of  a  locomotive  is  well  known,  and  if  such 
high  train  resistances  were  met  with  we  should  have  to  take  it  that 
locomotives  sometimes  run  as  economically,  or  even  more  so,  than  the 
best  stationary  compound  condensing  steam  engines. 

**  Barbier  found  that  the  locomotive  resistance  was  greater  than  that 
of  the  train.  A  comparison  of  the  resistances  I  found  for  long  trains  as 
compared  with  short  trains  on  the  Midland  do  not  support  this  view. 
He  also  found  that  four-wheeled  coaches  offered  greater  resistance 
than  bogie  stock.  The  figures  you  have  quoted  arc  about  midway 
between  those  given  by  Barbier  for  the  two  kinds  of  stock. 

*'  It  must  be  remembered  that,  on  the  Midland,  every  care  has  been 
taken  to  use  the  best  possible  form  of  axle-bearing  for  coaches  and 
waggons,  and  to  lubricate  the  bearings,  also,  as  perfectly  as  possible. 

*•  The  locomotive  has  also  been  designed,  as  will  be  seen  upon  refer- 
ence to  Mr.  Johnson's  presidential  address,  with  a  view  to  reduce 
frictional  resistance  in  every  way. 

"It  should  be  borne  in  mind  that  even  if  some  steam  locomotives 
offer  greater  resistance  to  motion  per  ton  than  do  the  trains  they  draw, 
such  would  not  be  the  case  with  the  electric  locomotive,  owing  to  its 
shape,  small  size  as  compared  with  its  weight,  evenly  distributed  load, 
and  absence  of  all  friction  except  that  of  the  journals. 

"  The  figures  found  for  passenger  trains  will,  I  think,  also  apply  to 
goods  and  mineral  trains. 

"  Should  you  desire  to  do  so,  you  may,  with  pleasure,  make  use  of 
this  letter. 

"  Yours  sincerely, 

*'  (Signed)  R.  M.  Deeley." 

Mr.  Mavor.  ^^'  ^*  ^'  Mavor  said  that  Mr.  Langdon's  paper  appeared  to  him  to 

be  a  most  useful  one  for  the  initiation  of  the  discussion  to  which  it  had 
given  rise.  There  were  about  forty-four  electric  railways  authorised 
by  Parliament  in  this  country.  Four  of  these  had  come  into  operation. 
It  seemed  on  the  face  of  it  that  the  figures  in  the  paper  were  of  less 
importance  than  the  subject  itself.  Mr.  Langdon  had  pointed  out  that 
the  prime  factor  was  that  of  efficiency  in  the  generating  plant  and  the 
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electric  transforming  plant,  and  in  transmission.     He  (the  speaker)  did   ^-  Mavor. 

not  quite  agree  with  Mr.  Langdon.    The  figures  in  Table  VII.  as  to  the 

generating  charges  would  indicate  what  he  meant.    The  charges  there 

formed  a  comparatively  small  proportion  of  the  total  estimated  by  Mr. 

Langdon.     He  (Mr.  Mavor)  thbught  they  ought  to  bulk  more  largely. 

According  to  the  paper  the  generating  charges  were  somewhat  less 

than  one-quarter  of  the  total  cost  for  power  and  haulage.    The  whole 

question  before  them,  however,  ought  to  be  looked  at  broadly.    What 

was  the  probability  with  regard  to  the  relative  efi&ciencies  of  steam 

locomotives  running  on  the  line,  each  with  its  own  boiler,  and  the  large 

engine  combining  the  power  of  fifty  locomotives  ?    It  would  be  pretty 

evident  that  the  large  engine  was  probably  most  economical,  not  only 

in  what  might  be  called  mechanical  efficiency,  but  in  general  working. 

Seeing,  however,  that  from  the  data  before  them  up  to  the  present  it 

was  not  possible  to  consider  the  efficiency  except  from  the « standpoint 

of  what  was  to  be  obtained  from  test  results,  the  question  resolved  itself 

into  one  of  experience.    Now  the  experience  of  fuel  consumption  for 

an  electric  train,  as  compared  with  steam  locomotives,  was  not  available 

to  any  large  extent.    Some  of  the  other  items  were  comparable,  and  it 

would  not  seem  unfair  to  draw  comparisons  from  the  experience  on 

street  railways  in  this  country.    Of  the  facts  which  had  been  given 

to  them  with  regard  to  the  working  of  street  railways,  the  figure  in 

connection  with  the  renewal  of  plant  comes  out  as  low  as  lo  per  cent. 

of  the  total  in  some  cases,  and  as  high  as  20  per  cent,  in  other  cases, 

but  in  no  case  does  it  approach  the  30  per  cent,  spoken  of  in  Table  VII. 

in  the  paper.    They  had  much  to  learn,  however,  from  experience 

upon  this  and  other  items,  but  what  little  experience  they  had  went  to 

show  that  the  saving  in  electric  transmission  would  be  found  in  the 

replacing  and  renewal  of  plant  even  more  than  in  the  item  of  coal, 

though  it  might  reasonably  be  expected  that  in  the  latter  there  would 

be  a  great  saving. 

With  regard  to  the  position  of  the  station,  it  would  appear  that  Mr. 
Langdon's  contention  in  favour  of  the  large  engine  was  likely  to  be 
modified  by  consideration  of  the  question  in  detail.  Mr.  Langdon  had 
pointed  out  in  his  letter  that  the  large  engine  could  readily  deal  with  a 
large  load  at  various  places,  but  did  he  remember  that  the  sub-stations 
would  have  to  be  proportionately  increased  in  size  ?  With  reference 
to  the  2^  per  cent,  leakage  on  the  line  allowed  by  Mr.  Langdon,  the 
speaker  thought  that  such  a  leakage  would  soon  dispose  of  the  line 
altogether. 

Concluding,  he  wished  to  say  that  Mr.  Langdon's  general  con- 
clusions seemed  to  him  more  valuable  than  his  particular  data. 

Mr.  Dyson  agreed  with  the  previous  speaker  that  while  Mr.  Mr.  D>'son. 
Langdon's  paper  was  a  valuable  one,  its  worth  lay  more  in.  the 
general  considerations  which  it  contained  than  in  the  detailed  figures 
in  it.  Before  anything  like  a  detailed  estimate  of  the  probable  cost  of 
electric  traction  could  be  arrived  at,  far  more  fixed  data  had  to  be  got 
hold  of  than  those  in  connection  with  the  formula  which  had  already 
been  criticised.  It  was  not  necessary  at  present  to  discuss  the  different 
elements  that  go  to  make  up  train  resistance,  but  the  speaker  though 
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Mr.  D>-8on.  ^|j^j  j^jj  engineers  were  agreed  that  the  train  resistance  worked  out  on 
the  average  to  a  higher  figure  than  that  given  by  Mr.  Langdon's 
formula.  That  was  a  point,  however,  regarding  which  locomotive 
engineers  would  be  in  a  far  better  position  to  give  facts  than  would 
electrical  engineers.  Speaking  of  the  paper  more  generally,  the  question 
of  the  efficiency  of  the  various  parts  as  given  on  page  134  of  this  paper, 
this  seemed  to  him  to  be  not  very  definitely  settled.  The  aggregate 
efficiency  of  the  system,  as  given  by  Mr.  Langdon,  was  58  per  cent., 
but  of  the  items  which  on  that  page  go  to  make  up  general  efficiency 
there  were  two  or  three  that  seemed  to  him  (Mr.  Dyson)  to  be  very 
doubtful  With  regard  to  static  transformers,  their  efficiency  was  given 
as  93  per  cent  He  thought  98  per  cent,  would  be  nearer  truth.  The 
efficiency  of  rotary  converters  was  given  as  90  per  cent.  He  thought 
this  should  be  95  per  cent.  The  loss  in  rails  was  set  down  as  10  per 
cent.  It  seemed  to  him  that  this  could  be  given  as  less  than  10  per 
cent.  On  the  question  of  motors,  Mr.  Langdon  had  assumed  that  the 
dearest  motor  may  have  an  efficiency  of  85  per  cent.,  but  the  speaker 
thought  it  was  not  the  pronounced  success  that  the  old  induction 
motor  was,  and  78  per  cent,  would  be  nearer  the  mark  than  the  85  per 
cent,  allowed  by  Mr.  Langdon.  On  the  whole  question  of  efficiency, 
as  Mr.  Mavor  had  said,  one  of  the  things  to  be  fixed  was  what  should 
be  the  relative  efficiency  of  large  plant,  grouped  in  one  central  station, 
over  a  large  number  of  isolated  locomotives.  It  seemed  to  him  that  the 
economy  of  the  large  generating  sets,  when  the  total  efficiency  of  the 
whole  system  showed  a  drop  of  40  per  cent.,  had  to  be  accounted  for 
by  some  other  means  than  that  of-  the  economy  of  steam  consumption 
of  the  different  classes  of  power.  Locomotive  engines,  running  non- 
condensing,  would  not  have  anything  like  the  efficiency  of  large 
stationary  plant,  but  he  questioned  whether  the  difference  would 
amount  to  40  per  cent.,  and  he  would  rather  be  disposed  to  put  it 
down  at  20  per  cent. 

The  speaker  said  in  conclusion  that  he  thought  the  first  thing  to  be 
done  in  advancing  the  subject  at  all  would  be  to  get  together  some 
railway  engineers  of  experience,  and  some  men  of  experience  in  electric 
traction,  and  let  them  form  a  committee.  If,  as  the  result  of  the  paper, 
this  were  done,  even  though  it  did  not  immediately  lead  to  the  adoption 
of  any  system  of  electric  traction  over  steam  locomotives,  it  would  at 
least  advance  the  cause  of  the  profession,  and  would  greatly  redound 
to  the  credit  of  the  Glasgow  Section  of  this  Institution. 

Mr.  Morton.  \fr,  David  Home  Morton  :  You,  sir,  and  one  or  two  members  of 
the  Council  have  honoured  me  by  inviting  me  to  take  part  in  the  dis- 
cussion of  a  very  large  subject.  My  contribution  to-night  will  not,  I 
fear,  be  of  great  service,  though  a  few  years  ago  I  was  charged  with 
all  manner  of  facts  and  figures  relating  to  this  great  question  of  traction. 
Then  I  had  the  greatest  difficulty  in  arriving  at  anything  like  reliable 
conclusions  from  the  facts  which  were  available,  and  I  do  not  know 
that  after  studying  Mr.  Langdon's  paper  my  position  is  very  different, 
although  every  year  facts  are  accumulating,  which  will  enable  us  more 
and  more  to  dis^encp  with  estimated  figures. 

If  one  i    '  an  advanced  engineer  to-day,  one  must 
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believe  in  the  electrical  transmission  of  power  and  in  the  internal  com-  Mr.  Morton. 
bustion  engine.  I  believe  in  the  electrical  transmission  of  power  and 
in  the  internal  combustion  engine,  but  I  am  not  lost  in  adoration,  nor 
do  I  believe  that  there  is  but  one  method  of  generating  an,d  but  one 
method  of  transmitting  and  distributing  power.  Rather  I  believe  that, 
when  equal  skill  and  zeal  are  exercised  in  each  case,  the  difference 
between  one  system  and  another  is  never  so  great  as  the  retained 
advocates  of  each  would  have  us  believe.  Each  system  has  its  physical 
limitations ;  those  of  electrical  transmission  arc  the  widest,  therefore 
electrical  ^ansmission  is  likely  to  be  the  most  universally  employed. 

The  retained  advocates  of  electricity  are  characterised  by  an 
enthusiasm  and  a  cheerful  optimism  which  enable  them  to  meet 
their  disappointments  with  smiling  faces.  Enthusiasm  is  necessary ; 
without  it  no  great  work  has  been  carried  through.  Probably  also 
optimism  is  necessary,  because  if  promoters  and  directors  knew 
beforehand  how  much  the  cost  of  their  enterprise  would  exceed,  and 
how  much  the  profits  would  fall  below  the  estimates,  they  would  not 
often  have  the  courage  to  begin,  and  the  public  would  not  grant  them 
the  wherewithal.  The  contract  prices  usually  exceed  the  Parliamentary 
estimates,  the  adjusted  cost  is  much  in  excess  of  the  contract,  and,  even 
if  the  working  expenses  are  all  right  the  extra  load  of  capital  tends  to 
absorb  the  anticipated  gains.  The  investor  has  to  be  content  with  very 
small  returns.  He  benefits  chiefly  as  a  member  of  the  commonwealth  ; 
in  the  present  case  he  has  an  improved  means  of  travelling,  but  although 
he  is  a  part  proprietor  of  the  road  he  has  to  pay  his  fare.  Although 
these  are  facts,  we  engineers  need  not  fear  that  enterprise  will  cease. 
Gambling  is  inherent  to  human  nature. 

In  making  these  remarks,  I  believe  you  will  absolve  me  from  any 
ill-natured  desire  merely  to  find  fault  with  Mr.  Langdon's  figures  and 
his  deductions  therefrom.  I  think  Mr.  Langdon  is  to  be  congratulated 
for  putting  these  figures  so  fully  and  so  fairly  before  us,  showing  us  his 
methods,  telling  us  where  he  has  made  omissions  which  may  affect 
results,  and  where  he  has  deemed  himself  entitled  to  claim  reductions. 

When  there  is  a  large  volume  of  parallel  experience,  close  estimating 
is  quite  legitimate  ;  but  in  new  departures  of  magnitude,  all  experience 
teaches  us  that,  after  making  our  calculations,  we  ought  to  make  a 
handsome  addition  to  estimated  capital  and  to  add  a  prudent  fraction 
to  the  estimated  working  costs. 

When  the  estimates  for  the  conversion  of  the  Metropolitan  Railway 
to  electric  traction  are  made  public,  we.  shall  see  how  widely  different 
are  the  ideas  of  experienced  combinations  of  men  in  regard  to  cost  or 
to  profit.  Unfortunately,  few  of  us  will  know  whether  it  is  profit  or 
cost  which  accounts  most  for  those  differences,  and  we  shall  have 
to  wait  a  considerable  time  for  returns  of  running  expenses. 

Very  properly  Mr.  Langdon  points  out  that  electric  traction  and 
electric  locomotives  are  accomplished  facts,  and  generally  we  know 
that  their  use  has  been  attended  with  a  very  fairly  satisfactory  measure 
I  of  commercial  success.  Mr.  Langdon,  while  seeking  to  widen  the  field 
of  operation,  foresees  that  the  process  of  conversion  must  be  gradual. 
Almost  all  our  (great  trunk  lines  are  in  possession  of  a  considerable 
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Mr.  Morton,  mileage  of  urban  and  suburban  roads,  and  much  of  this  mileage  is  in 
tunnels.  Competition  with  independent  railways  electrically  worked, 
with  municipal  electric  tramways,  and  the  pressure  of  public  opinion 
in  favour  of  improved  travelling  conditions,  will  compel  the  introduction 
of  electric  traction  on  at  least  some  of  these  urban  and  suburban  lines. 
And  the  commercial  results  which  attend  the  working  of  these  lines 
will  determine  whether  or  how  soon  electrical  haulage  will  be  tried  on 
trunk  lines. 

For  good  reasons  perhaps,  Mr.  Langdon  has  not  deemed  it  desirable 
to  build  his  estimated  figures  on,  or  to  supplement  these  by  some 
examination  of  those  which  are  actually  realised  and  available. 

The  works  accomplished  in  this  country  are  the  City  and  South 
London  Railway,  the  Liverpool  Overhead  Railway,  the  Waterloo  and 
City  Railway,  and  the  Central  London  Railway.  Of  the  latter  two  it  is 
rather  too  soon  to  speak,  although  the  last  named  will  tell  us  most  in 
regard  to  that  which  we  seek  to  know.  Of  the  two  former,  the  City  and 
South  London  Railway  has  been  in  operation  since  1891  and  the  Liver- 
pool Overhead  Railway  since  1893.  I  take  the  figures  as  from  the 
accounts  made  up  for  railways  in  accordance  with  the  requirements  of 
the  Board  of  Trade,  and  therefore  comparable  with  those  quoted  and 
estimated  by  Mr.  Langdon  for  the  50-mile  section  of  Midland  line, 
covering  the  same  items  as  far  as  comparison  can  be  made.  Neglecting 
the  first  three  and  a  half  years,  when  the  expenses  of  the  pioneer  line 
were  naturally  rather  excessive,  we  find  that  the  cost  for  locomotive 
power  has  averaged  6d.,  and  that  it  -seems  now  to  be  stationary  at 
5'85d.  per  train  mile.  This  line,  as  you  are  aware,  is  worked  by 
locomotives. 

The  figures  of  the  Liverpool  line  are  more  favourable,  and  the  cars 
are  worked  by  motors  on  their  bogie  axles.  The  cost  of  locomotive 
power  since  the  opening  averages  3}d.,  or  slightly  less,  and  has  been 
fairly  uniform  since  the  beginning,  standing  now  at  a  trifle  over  4d., 
owing  probably  to  the  higher  price  of  coal.  The  Liverpool  figures  may 
be  taken  as  an  argument  in  favour  of  motor-equipped  cars  instead  of 
locomotives,  but  it  will  be  wise  not  to  lay  too  much  stress  on  this.  The 
South  London  line  was  the  pioneer,  the  Liverpool  line  was  built  in  view 
of  all  the  experience  gained  in  the  other ;  a  tunnel  line  has  difficulties 
and  extra  expenses  of  its  own,  and  the  Liverpool  line  is  what  may  be 
termed  a  very  easy  road. 

The  Central  London  has  chosen  locomotives,  and  each  case  must 
be  separately  considered.  For  short  trains  running  on  short  lines  with 
fixed  terminal  points  motor-cars  are  admirably  adapted,  but  the  dif- 
ficulties multiply  with  the  length  of  trains  and  tracks,  and  with 
departures  from  the  elementary  simplicity  of  running  cars  back  and 
forth  between  fixed  points. 

On  trunk  lines  the  tendency  seems  to  be  to  seek  gains  and  economies 
by  pulling  longer  and  heavier  trains  rather  than  by  shortening  the 
trains  and  increasing  their  number  ;  while  on  urban  lines  the  frequency 
of  trains  is  strictly  limited  by  the  block  system  of  .working  and  sig- 
nalling, therefore  long  trains  must  be  hauled  to  accommodate  not  the 
average  traffic,  but  the  maximum  which  occurs  only  during  a  few  hours 
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>fc^.  ra«  gc  s-T^x  a.  V*  j> j»  2  afar  .*  zics  ■  njo  v-^cjktv— ^«<w  «v^ 
450  or  500  trc:s  per  trari  Titss.  J$s=.  siife  tr«e  csjcsssc^cjcve  oc  rrjcr>^ 
00  the  tnx=Lk  secbic  C»ijt  ac  jwr  csctl  tc  22  per  cue:.  j:>f  expc>?S5s.  Jtski 
40  per  cent,  arc  a-^-g^  ^aods  aad  =iz=ieral  m=as^  Tbc  arxxi;:::?  ci 
stoppini^  starting  v:-  *  g^  aad  =aajcrrr=^  wtixi  5>  p<rtomx>l  by 
ordinary  mised  good>  aad  (^scribcdr^  rr-r^eral  mi-yy  da  jJ  a^xy  r,u)c 
be  stDcfied  br  any  coc  mrbo  »  5c:Bcac=thr  in^enesiwL  A|^«rt  trvxa  ih* 
not  iosopcrabSe  diflic^-tses  ag;r."fc?  ..g  tbe  pcnis^  dovn  ol  isstalUixHi:!^ 
for  shnndog.  this  2s  a  seriocs  item  ox  to  be  lighdy  s^  as«ie. 

An  ordinarr  branch-ltae  train,  viih  a  45>tOQ  stcaai  ii>LOix>otiv<.  hve 
old-fashiooed  coaches  of  ten  tens  each  esipcy.  seated  tor  >x>  {vi$sen$^:T^ 
and  weighing,  say.  100  10  105  tons  gross,  can  be  hanled  for  (kL  per  tr Aii>^ 
mile,  including  all  ordinarr  repairs  and  renevals.  and  v^  are  yet  witts 
oot  evidence  that  100  tons  can  be  haoled  electrically  for  le$$.  The 
Central  London  will  give  ns  the  first  informadoa.  The  trains  arc 
heavy  and  comparable  with  urban  steam  tines,  while  the  C\L.K« 
locomotive  is  43^  tons  weight,  nearly  that  of  the  tank  locomoti\*e,  w*hich 
is  forty-five  to  £tfty  tons  in  full  order.  The  tank  locoaK>tive,  by  the 
way,  is  on  the  Metropolitan  Railway  only  28  inches  longer  than  the 
C.L.R.  locomotive  over  the  buflFers, 

The  proper  consideration  of  the  subject  is  beset  with  diAicultics^ 
and  we  must  wait  for  progressive  experience,  and  this  unll  gi\*c  us  time 
to  study  the  difficulties.  Of  these  Mr.  Langdon  has  called  attention  to 
the  most  important  There  is  the  great  question  of  shunting  at  cv)mpli« 
cated  junctions  and  sidings,  and  there  is  the  struggle  against  the 
elements,  snowstorms  and  floods. 

The  efficiency  of  the  steam  locomotive  is  an  interesting  thougli  not 
a  necessary  factor  in  this  discussion.  The  question  seems  to  tw 
essentially  commercial. 

Placed  on  the  trestles,  I  have  no  hesitation  in  saying  thnt  the 

BMP 
mechanical  efficiency  of  the  steam  locomotive  |-Tt-p '  >s  90  per  cent  i 

for  a  four-coupled  engine  a  trifle  Jess  perhaps.    On  the  track  the  cot\» 
ditions  are  very  different  from  those  in  the  testing  room.    Accurate  . 
dynamometer  observations  and  cylinder  indications  urc  difficult  to 


**'  u^m^H,     obimn,  atrtl  Hk-  most  aucumphstiirti  espenmcnter-  ahsr  mkni^  Trmrh 
paxut.  ttil!  lit  ttstt  rt?»ullt  can  onh  Ik  Tt:||ard£:d  «t^  ajijn  uaamgtnmk.    AH 
ctiodilnnjb  wiuctj  <t$«ct  rwiuht  sirt  m  b  stsoi  ai  cantnma^  idam^^^ — =5ie 
trait,  l^  ai  out  tnat  tending  it*  ht^  behind  ihcn  tcndm^  ti  Dvena^  tbc 
tni^mt  .  tittrt-  tht  r«tardmg  afect  of  cm  valun  cnme*-  mrr  nwnunnii  jedc! 
wmd  j>rti>i>urt  may  actual!}  doiii)]*'  tiit-  TKquimd  draw  -her  puL  under 
vtmdilKmi  wfaeu  tiit  puU  woui€  othcnwiiiL  ht  nuideniaL.    Tnart  art  ii^o 
<iiUicuiUt'^  vitli  ttit  mdicactur  tJwiug  tc-  ttif  pri?*4anEi  ct  vnaasr  ±n  the 
dleam.    7'm:  moat  rtnxnn  asid  mosi  usBnil  taqttg  iinrart^  are  jirtftaiiJT 
tbojit  madt  br  ldr.  W.  M.  *imitt  iar  Mr.  "Wilson  ITarcbttl  -w^ci  fcre 
e«pr<fst  locomotn-et  on  tht  Korn>-Easieni  Raihray,     Tht  drsv-bar 
^jftttiksnc}'  rstnged  iron:  under  fc  j>er  csnL  tL  cnrer  fip  ^icr  csnu.,  sKvr»^s»g^ 
al>otit  -05  per  pent  of  tht  1.H  J*,    li  &  iair  tt  saxtiuc  Jnwsr  Tcsnk^  bzve 
b^^tnj  ^iK>l«d  at>  tilt  onlcomt  of  eiyarnmagi'  cm  the  OtnintfnC  sad  in 
AuH^ica.     htxtrSvt  pta-  cenL  ii-  2i  Terr  fair  cfecitairr,  joid  1:  nanr  be 
jH50t?«*arr  it^  rwurud  h^jrot  yonng  memfaffl^v  of  the  anrlimor'  This  the 
moi<r  aotlt  t&cifnt'T  of  tbt  t- iectnc  locomatTVfr  i*-  m  verr  ditanKii  figure 
Uijtta  tliat  cif  tht  dnnr-bar.    Tlie  causes  imrimg  to  Idww  drav-faar 
tJfticiwQcr  art  prtffaeat  is  both  ciasBB  csf  maiar,  Ticm^  jtrofeihSy  in  a 
k;t«^»t!r  titgpet  ud  ttit  dectnc  mcrtar«  and  in  the  present  case  ibe  loss 
caoMsd  br  i7i;aEixit^::n.3g  tht  imgmt  acnd  tender  in  maboQ  25  box  a  trifle 
UKjtf-^  liiao  lt>t  nctJt  pts-  t'^»n  required  to  paE  the  train.     It  oocid  not  mrll 
bt  ^acptJCt-wi  to  be  IciN  seating  thai  it  is  the  k^adiiig  Tehicle.    The 
Vmjjtix'A2x^  houl^^  it  adm:njedJT  an  e£Bc3ent  eraporator,  cocnparing  well 
wit^j  jg^^^  stiti'^'narT  practice,  and  m  iht  preficnl  case  the  water  osed 
avtrag^  3O5   Ibfe.  per   LH-P-,  the  engi-nc  in  thi>  case  being  noQ- 
<j(jmp*j^iiA.    With  a  compound  engine,  taldng  the  res:Jt>of  Mr,  Webb's 
expc^ijawitfe^  on  the  two  clashes  of  engines,  the  steam  consomption 
i^Jiouid  bt  about  20  per  cent  le*-s,  and  if  steam  consumption  were  the 
iitii  <xynvidieration  a  simple  engine  coald  be  worked  at  23  lbs.  per 
IM.P,    T^n:^  figures  indicate  that  the  steam  locomotive  is  a  fairly 
eificittit  machine,  and  when  we  remember  that  there  is  only  one  con- 
ver^^/n  oi  the  energy  between  the  boiler  and  the  work  to  be  done,  as 
ai^ni^t  four  or  more  conversions  or  transmissions  between  the  boiler 
aiKl  the  work  in  an  electrical  s^-stem,  the  supersession  oS  the  steam 
Uxxrtfioih'c  doe^  not  look  more  promising  in  regard  to  net  efficiency 
titan  it  docs  in  regard  to  net  cost    And  the  steam  department  of  a  large 
central  i^tion  has  important  losses  peculiar  to  itself ;  the  gross  steam 
c/>n^umption  for  power  delivered  bears  too  often  a  very  disappointing 
relationship  to  the  net  test  consumption  of  the  generating  units. 

I  wish  to  draw  your  attention  to  the  comparative  expenses  of  the 
Liverpool  Overhead  Railway,  the  City  and  South  London  Railway, 
and  a  well-known  local  line,  the  Glasgow  District  Subway,  which  is 
worked  by  direct  cable  haulage.  Do  not  fear  that  I  am  about  to 
uflvocate  this  system  for  trunk  lines.  I  have  referred  to  ph3rsical 
liinitiitions,  and  those  of  the  cable  system  are  perhaps  the  narrowest  of 
all,  though  within  its  limits  and  under  proper  conditions  the  results 
obtained  arc  certainly  remarkable.  I  only  bring  in  these  figures 
bccauhc  of  the  lesson  they  seem  to' teach  us  in  regard  to  electrical 
traction. 
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The  accounts  are  made  up  for  all  three  lines  in  the  same  manner  Mr.  Morton. 
for  B.O.T.  returns,  and  the  cost  of  locomotive  power  per  train-mile 
stands  thus  : — 

G.D.S.  L.O.R.  C.  &  S.L.R. 

2-89d.  3'68d.  6o4d. 

Total  working  expenses  per  train-mile — 

7*  13d.  i3'94d.  i5*95d- 

Receipts  per  passenger — 

i*26d.  i-96d.  r92d. 

Ratio  of  expenses  to  receipts — 

49*  I  per  cent.  6o*8  per  cent.  597  per  cent. 

If  the  earnings  on  the  Glasgow  District  Subway  per  passenger  were 
equal  to  the  mean  of  the  earnings  of  the  Liverpool  Overhead  Railway 
and*  the  City  and  South  London  lines  then  the  ratio  of  expenses  to 
receipts  would  be  : — 

G.D.S,         '  L.O.K.  C.&SL.R. 

32  per  cent.  6o*8  per  cent.  597  per  cent. 

If  it  is  objected  that  the  trains  on  the  Subway  arc  lighter  than  those  of 
the  other  lines,  and  that  they  have  a  smaller  seating  capacity,  I  may  say 
that  increasing  the  capacity  of  the  cars  would  have  only  a  most  trifling 
effect  on  the  results  owing  to  the  system  of  traction,  that  the  car 
mileage  is  much  higher  than  for  the  other  lines,  and  that  taking  last 
year  the  passengers  carried  were  ; — 

G.D.S.  L.O.R.  C.  &  S.L.R. 

i3><^5»56o  9,690,236  6,983,040 

In  the  Subway  power-station  there  are  only  two  simple  though  high- 
class  non-condensing  engines,  one  in  reserve,  while  on  the  other  Unes 
the  engines  are  compound  and  condensing.  To  meet  a  moderate 
increase  of  traffic  and  a  small  addition  to  the  lengths  of  the  lines,  the 
power  plants  of  both  electrical  lines  have  been  already  largely  increased 
and  reorganised,  while  the  existing  plant  on  the  Subway  is  capable  of 
dealing  with  all  the  trains  which  could  be  put  on  the  line  under  any 
reasonable  system  of  working. 

There  are,  of  course,  reasons  for  the  low  costs  attending  this  example 
of  cable  haulage,  and  the  chief  reason  is  found  in  the  compensation  or 
return  of  energy  to  the  driving  cables  by  the  cars  which  are  descend- 
ing grades,  and  by  reason  of  the  fact  that  cables  on  different  tracks  are 
virtually  coupled  together  in  the  power-house  ;  cars  descending  on  one 
line  actually  assist  those  on  the  other  tracks.  The  energy  stored  up  in 
the  engine  fly-wheels,  and  in  the  cables  themselves  is  also  called  upon 
by  the  cars,  so  that  the  average  and  maximum  powers  are  made  less 
than  would  be  possible  in  the  absence  of  a  compensating  system. 

Now  there  is  a  considerable  analogy  between  a  cable  haulage  and 
an  electrical  traction  system,  the  third  rail  or  conductor  representing 
the  traction  cable,  and  when  we  have  succeeded  in  restoring  to  the  con- 
ductor a  great  part  of  that  energy  which  is  now  dissipated  by  descend- 
ing trains  in  pulverising  wheels,  tracks,  and  brake  blocks,  we  shall  have 
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Ht.  Uffrum.  taken  an  important  step  towards  rcdaciiig  the  cost  of  electric  tractioo. 
I  am  aware  that  the  attention  of  electrical  engineers  has  already  been 
directed  to  this  question*  The  figures  which  I  have  quoted  give  some 
indication  of  the  advantage  which  may  be  obtained,  and  the  works 
already  done  by  electrical  engineers  is  indication  enough  of  their  ability 
to  solve  thi^  problem. 
Pr*4,  Bmt.  Profe^y>r  Barr  expre!>sed  hisdi^oent  from  Mr.  Morton's  opinion  that 

electrical  engineers  were  characteristically  too  sanguine  and  too  opti- 
mistic, though  he  admitted  that  there  had  been  a  time  when  some  of 
them  were  so.  He  instanced  the  case  of  an  electrical  engineer  whom 
he  had  met  at  the  Glasgow  Gas  Exhibition  of  1881,  and  who  in  the 
course  of  conversation  had  assured  him  that  incandescent  electric  Ught 
would  be  in  use  in  every  house  within  a  year  from  that  time. 

Continuing,  the  speaker  said  that  he  thought  that  the  question 
before  them  of  the  supersession  of  steam  by  electricity  for  locomotives, 
was  a  problem  in  which  the  arguments  for  Electricity  were  more 
favourable  than  in  many  other  cases  to  which  it  had  already  been 
successfully  introduced.  There  could  be  no  doubt  that  in  a  great 
measure  the  economy  obtainable  in  stations  for  lighting  and  tram- 
ways was  limited  by  the  nature  of  the  load-factor.  There  was  no 
case  equal  to  a  large  main  line  for  constancy  of  load-factor.  He  (the 
speaker)  did  not  think  that  Mr.  Langdon  had  in  that  matter  done  his 
case  at  all  justice  in  his  paper.  He  thought  that  it  would  be  found 
that  the  load-factor  would  come  out  very  much  more  constant  than  is 
stated  m  the  table  in  the  paper,  as  would  be  seen  if  the  number  of 
trains  on  the  whole  line,  instead  of  the  number  passing  a  given  point 
during  a  given  interval  of  time,  were  considered. 

It  was  a  pity  that  they  had  not  more  results  before  them,  but  he 
thought  that  as  far  as  could  be  judged  from  appearances,  electric 
traction  would  not  come  in  through  the  calculation  of  probable 
economy  alone  nor  even  mainly,  but  in  virtue  of  the  obvious  advan- 
tages the  system  possessed  in  special  cases  over  steam  haulage.  The 
underground  railways,  he  said,  would  some  day  be  compelled,  by  public 
opinion,  to  use  electric  traction,  and  he  thought  also  that  the  time  was 
not  far  distant  when  they  should  have  a  great  deal  more  objection  to 
the  running  of  locomotives  in  the  vicinity  of  cities  than  was  yet  manifest. 
A  great  deal  of  the  smoke  nuisance  in  suburban  districts  had  been 
proved  in  many  instances  to  be  caused  by  locomotives. 

Concluding,  he  said  that  he  had  no  doubt  that  under  the  compulsion 
of  a  growing  public  opinion  on  the  subject,  the  time  was  coming  when 
they  should  see  a  very  large  development  of  electric  traction  even  on 
main  lines,  and  he  personally  would  be  very  glad  to  see  electricity 
substituted  for  the  present  objectionable  locomotive  in  the  cases  to 
which  he  had  referred. 
Mt.Lacku.  Mr.  W.  W.  Lackie  :  None  can  doubt  Mr.  Langdon's  remark  that 

the  consideration  of  this  subject  can  only  be  attended  with  good.  It  is 
a  large  problem  to  tackle,  but  his  conclusions  and  results  are  most 
satisfactory.  I  would,  however,  hke  to  draw  attention  to  some  of  the 
figures  and  conclusions  come  to  by  him.  It  is  shown  that  the  maximum 
number  of  trains  per  hour  varies  from  19  to  7.     If  this  is  the  case,  it 
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means  that  he  cannot  have,  as  he  states,  an  absolutely  constant  load  and  ^'*  La^^t. 
station  output  for  every  hour  of  the  day.     His  figures  would  at  Erst  lead 
one  to  believe  that  in  this  railway  scheme  he  would  have  a  load-factor 
of  loo  per  cent.    The  kilowatts  wanted  for  the  19  trains  I  make  out  to 
t>e  8,650,  and  for  the  7  trains  2,080,  or  less  than  one-third  of  the 
maximum  load.    Mr.  Langdon  takes  an  average  of  5,000  kilowatts,  but 
he  strikes  his  average  by  taking  the  maximum  average  in  every  case. 
He  sa3rs  that  in  each  train  of  this  class  he  has  taken  it  as  a  loaded  train, 
whereas  some  would  certainly  be  Ught  trains.     He  also  accords  to  each 
their  full  merit  of  speed.    The  average  number  of  trains  passing  Luton 
is  11*9,  and  passing  Harpenden  12*4.     He  has  taken  an  average  of  14 
trains  per  hour.    5,000  kilowatts  will  not  drive  the  19  trains  at  their  full 
speed.     The  units  generated  per  annum   he  makes  out  would  be 
43,800,000.    That  is  taking  5,000  kilowatts  for  24  hours  and  365  days. 
I  think  the  fairer  way  of  getting  the  total  units  likely  tO  be  generated 
would  be  to  take  Tables  II.  and  III.  on  pages  129  and  130,  and  work 
out  the  units  per  hour  throughout  the  24  hours.    If  this  be  done,  the 
figure  is  more  likely  to  be  39,000,000.    If  the  units  are  less,  and  as  low 
as  I  calculate  them  to  be,  it  affects  the  cost  per  kilowatt-hoiu*,  and  con- 
sequently per  train-mile,  by  fully  10  per  cent,  in  every  case  except  the 
coal  bill.    All  the  other  items  making  up  the  cost  per  kilowatt-hour  are 
per  train-mile,  are  standing  charges,  and  are  quite  independent  of 
units  generated.    As  a  matter  of  fact  the  load-factor,  on  such  a  scheme 
as  is  before  us,  will  only  work  out  at  something  Hke  65  per  cent.,  Le,,  the 
ratio  of  the  units  which  would  be  generated,  if  the  maximum  load 
8,650  kilowatts  remains  on  for  24  hours  throughout  the  365  days,  and 
the  actual  units  likely  to  be  generated.    Further,  I  do  not  think  that  the 
engineer  in  the  station  is  likely  to  know  when  the  maximum  load  would 
come  on,  and  consequently  he  would  require  to  keep  the  maximum 
power  running,  in  case  it  did  come  on.    The  annual  coal-bill  of  the 
Liverpool  Overhead  Railway,  including  carting  and  ashes,  is  stated 
as  0*118  per  kilowatt-hour.    Even  if  allowance  is  made  for  a  lower 
number  of  units  per  annum,  the  cost  per  train-mile  is  fully  i^.  in  favour 
of  electric  driving. 

There  is  one  other  thing  which  I  would  like  further  explanation  of, 
and  that  is  the  2^  per  cent,  allowed  for  leakage.  It  would  appear  that 
the  insulation  per  mile  of  the  line  was  only  something  like  180  ohms. 
Towards  the  end  of  the  paper  Mr.  Langdon  discusses  the  adoption 
of  electric  traction  on  small  branch-railways,  and  incidental  use  of  gas 
plant.  I  quite  agree  with  him  that  there  is  a  very  large  field  for  the  use 
of  this,  as  the  cost  per  horse-power  hour  by  using  gas  on  plant  not  ex- 
ceeding 400  H.P.  is  one  quarter  of  that  when  using  coal  and  steam. 
Further,  in  the  small  branch-lines,  the  whole  plant  could  be  shut  down, 
as  the  stations  are  during  the  night.  For  small  plant,  therefore,  gas 
engines  would  be  preferable.  Fluctuations  in  pressure  are  not  of 
serious  account. 

Mr.  M.  B.  Field:   I  read  Mr.  Langdon's  paper  through  several  Mi.  Field, 
times,  and  each  time  I  did  so  the  more  dissatisfied  I  was  with  the 
results  he  arrives  at.     In  my  opinion  Mr.  Langdon's  figures  from  begin- 
ning to  end  are  at  fault.    He  has  attempted  to  imitate  the  traffic  over  a 
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Mr.  FidcL  certain  section  of  the  Midland  Railway,  but,  in  doing  so,  has  assumed 
only  about  half  the  trains  there  should  be,  and  has  made  up  his  total  in 
quite  a  different  proportion  from  that  existing  over  this  section.  Next, 
his  choice  of  the  electric  system  appears  to  me  to  be  not  necessarily  the 
best.  The  items  of  the  cost  per  train-mile  deduced  by  him  appear  to  me 
very  doubtful ;  and  lastly,  the  comparison  itself  of  the  assumed  electric 
system  with  the  existing  system  seems  unfair,  as  the  two  s)rstems  are 
not  at  all  on  the  same  basis.  These  points  I  propose  to  go  into  a  little 
more  fully.  Looking  at  Table  IV.,  I  am  inclined  to  think  that  a  great 
mistake  has  been  made.  The  second  and  third  columns  show  the 
number  of  trains  of  different  classes  tliat  pass  Luton  and  Harpenden  in 
24  hours,  giving  averages  of  11*9  and  12*4  passing  per  hour  the  two 
places  respectively.  On  page  133  the  author  tells  us  he  has  taken  14 
trains  passing  per  hour  a  particular  point,  and  has  apportioned  them  : — 

3  trains,  speed  50  miles  per  hour. 


2 

n 

f) 

32 

»> 
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These  are  tabulated  in  column  4  of  Table  IV.  The  author  then  tabu- 
lates in  columns  7,  8,  9,  and  10,  the  load,  tractive  effort,  mechanical 
horse-power,  and  equivalent  in  kilowatts  corresponding  to  each  train. 
Columns  11  and  12,  headed  "Total  Mechanical  H.P.  and  K.W.,"  are 
obtained  by  multiplying  the  number  of  trains  of  each  class  by  the 
corresponding  figures  in  columns  9  and  10,  i.e.,  the  mechanical  horse- 
power and  kilowatts  per  train.  Evidently  this  can  only  give  the  total 
kilowatts  required  to  propel  all  the  trains  that  pass  a  given  point  in  one 
hour. 

But  later  on,  on  page  135,  the  author  assumes  that  there  are  only  14 
trains  on  the  50-mile  route,  viz.,  3  to  each  of  four  sections,  and  2  to  the 
fifth  section. 

But  with  14  trains  going  at  an  average  speed  less  than  50  miles  per 
hour  there  clearly  cannot  be  14  trains  passing  a  particular  point  of  the 
50-mile  route  every  hour.  Refer  again  to  Table  IV.,  aud  assume  trains 
of  classes  I,  2,  3,  and  4  run  at  their  respective  speeds  for  24  hours 
without  sioppitigf  backwards  and  forwards  over  the  50-mile  course :  — 

In  24  hours  2*8    trains  Class  i  would  pass  Harpenden    67  times. 
„  2*00      ,,        „      2      „         „  ,,  4^      »> 

„  4*^        r  ft         3         »»  »»  >f  7"        »» 


>» 


9*3  "  »»        4        »>  »>  *r  ^ "        »» 


19*42  297 

Therefore  in  24  hours  with  19*4  trains  there  would  pa$s  Harpenden  297 
trains,  giving,  an  average  of  12*4  trains  per  hour.  And  assuming 
14  trains  pass  a  given  point  per  hour,  and  the  train  stops  at  stations, 
there  could  not  be  less  than  25  to  30  trains  at  one  time  on  tlie  50-mile 
route,  or  approximately  double  that  allowed  for  in  the  paper.  This 
ould  not  be  of  great  consequence  had  the  author  taken  the  right  pro- 
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portions  oi  the  different  classes  of  train,  but  he  has  not  done  so.    The  *•«"  *'^**^- 
proportions  are  : — 

(i)    3      as  against  3 

(2)  2-85         „  2 

(3)  5  M  4 

(4)  10  »  5 

This  appears  to  me  to  throw  the  whole  Table  IV.  and  subsequent 
calculations  wrong.  The  point  is  that  the  author  appears  to  have 
assumed  that  because,  say^  5  trains  of  class  4  pass  a  given  point  of  the 
route  per  hour,  that  there  are  only  5  trains  altogether  of  this  class  on 
the  route.  This  cannot  be,  unless  they  run  at  50  miles  per  hour. 
Before  leaving  Table  IV.  I  would  like  to  ask  what  is  really  meant  by  so 
much  horse-power  per  houry  or  kilowatts  per  hour,  horse-power  per  train- 
hour,  hourly  output  of  so  many  kilowatts ;  and  on  page  133,  why,  because 
14  trains  pass  per  hour  a  particular  place  where  there  are  four  roads,  is 
one  justified  in  saying  that  there  are  3*5  trains  per  mile  per  hour,  per 
line  of  metals  ?    This  I  cannot  follow. 

I  will  not  stop  to  criticise  the  tractive  effort  assumed  by  the 
author  for  the  different  trains,  though  it  appears  to  me  to  be  very 
inadequate  ;  but  will  assume  that  5,000  kilowatts  will  work  14  trains 
travelling  at  their  respective  speeds  a  total  of  480  miles  per  hour,  back- 
wards and  forwards  on  the  50-mile  route. 

Look  at  Table  VII.  Wc  can  divide  .the  total  cost  into  three  main 
heads — 

Generating  and  Distributing  per  train  mile    2*1  id. 
Locomotive  drivers  and  assistants        „  2*65 

Renewal  of  machinery,  cable,  etc.        „  2*26 

7*02d. 

2*65  pence  per  train-mile  for  driver  and  assistants  is  equivalent  to  0*25 
{>ence  per  kilowatt-hour,  see  Table  VII.  Now  suppose  these  men  work 
only  8  hours  per  day,  i,e,,  for  the  14  locomotives,  we  should  want  84  men 
who  get  0*25  pence  per  kilowatt-hour.  Compare  this  with  Table  V.,  the 
wages  paid  to  the  men  looking  after  the  machinery  supplying  these  14 
locomotives.    There  are : — 

I  Chief  Engineer  at     ;£2oo  per  annum 

I  Assist,     do.        „  250    „        „ 

5    Do.        do.        (for  sub-stations)  at    200    „        „ 

3  Switch  men  at  150    „ 

?  15  Do.         „  140 

I  Clerk  ,,  ...        120 

7  Engine  Attendants  at  40s.  per  week 

7      Do.  do.         „  35^- 

12  Stokers  .         „         , 30s.    „ 

15  Labourers  „  22s.    „•     „ 

Other  Sub-*station  wages  at      ...  jfi^^oo  per  annum 


»»        »» 

>>        >> 
)er  we 
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Mr.  Field.  There  are  wages  allowed  for  at  least  84  men  here,  and  by  Table  V. 
the  total  cost  of  these  wages  per  kilowatt-hour  comes  out  ox)544d., 
whereas  for  the  84  locomotive  attendants  Mr.  Langdon  gives  in 
Table  VII.  0*254  pence  per  kilowatt-hour,  or  nearly  five  times  as  much. 
If  we  are  to  account  for  this  by  the  fact  that  other  locomotives  are 
standing  idle  ready  for  use,  it  means  practically  that  4  squads  are  idle 
for  every  one  on  the  move,  and  this  for  every  hour  of  the  day  and 
night.  This  is  incredible.  Look  at  this  another  way.  Each  locomo- 
tive travels  4Z? — 34  miles  per  hour,  and  each  squad  (if  only  working 

8  hours  per  day)  would  cover  1,900  miles  per  week.  The  combined 
wage  of  the  two  locomotive  men  would  be  80s.  per  week,  which  comes 
out  at  id.  per  train-mile  instead > of  2*65  pence;  hence  it  is  that  more 
than  4  squads  are  paid  for  each  one  that  is  on  the  move.  In  the  foot- 
note on  page  139  Mr.  Langdon  shows  that  2*65  pence  corresponds  to  a 
daily  mileage  of  from  45  to  58  miles ;  how,  then,  can  he  apply  it  to  his 
case  where  his  hourly  mileage  is  34  per  running  locomotive,  or,  if  wc 
take  two  idle  locomotives  for  every  one  that  is  moving,  a  daily  mileage 
of  270  ? — unless  he  can  show  that  in  the  case  of  the  electric  locomo- 
tive some  abnormally  great  expense,  which  is  not  at  all  obvious,  is 
likely  to  come  in  here.  Surely  some  explanation  of  this  figure  is 
needed ;  it  cannot  include  cleaners,  coal  men,  tube  men,  repairs,  etc., 
for  these  are  given  as  independent  items  in  Table  VI.,  but  it  is  hardly 
possible  that  it  stands  for  the  wages  of  drivers  and  assistants  alone. 
In  any  case  it  appears  to  me  that  a  comparison  of  costs  worked  out  for 
a  more  or  less  hypothetical  case  where  the  daily  mileage  per  locomo- 
tive would  lie  between  270  and  300  with  those  of  the  Midland  Railway, 
where  from  Table  I.  we  see  the  mileage  for  1899  was  but  5^  P^  locomotive 
per  day,  cannot  be  of  very  great  value.  Now  come  to  the  third  heading 
of  the  total  cost,  viz.,  repair  and  renewal  of  machinery,  etc.,  at  2*26d. 
per  train-mile.  The  author  assumes  2d.  per  mile  for  the  renewals  and 
repairs  of  everything  except  (^bles  and  third-rail,  this  being  one-fifth 
less  than  with  steam,  because  he  says  the  wear  and  tear  of  stationary 
engines  or  motors  cannot  possibly  be  as  great  as  with  steam  locomo- 
tives ;  and  with  these  words  he  practically  dismisses  an  item  which  is 
one-third  of  the  total  cost  per  train-mile.  Now  we  have  to  compare 
the  wear  and  tear  of  stationary  engines,  boilers,  economisers,  con- 
densers, exciters,  switchboards,  buildings,  sub-stations,  transformers, 
rotaries.  cranes,  chimney  stacks,  and  electric  locomotives,  with  that  for 
steam  locomotives  alone ;  and  I  must  say  that  the  aho\*e  conclusion 
does  not  appear  at  all  obvious  to  me. 

According  to  my  reckoning  the  sum  of  2-26d.  per  train-mile  comes 
out  at  about  6}  per  cent,  of  what  seems  to  me  would  be  the  first  cost  of 
a  complete  lo.ooo-kilowatt  generating  station,  plant,  with  locomotives  ; 
if,  however,  more  spare  plant  be  allowed  for.  as  seems  to  me  to  be 
desirable,  the  sum  allowed  for  depreciation,  renewals,  etc.,  would  come 
to  something  like  5  per  cent,  of  first  cost,  which,  since  it  has  to  include 
the  wear  and  tear  on  the  third  rail  be>ides  the  heavy  expenses  for 
upkeep  of  locomotives,  certainly  appears  insuflBcient.  Althoagh  Mr. 
Langdon  gi\-es  the  total  average  saWng  effected  by  the  emplo>*ment 
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of  electricity  on  page  141  to  six  dgntficant  figures,  I  notice  that  on  Mr.  FWd. 
page  147  he  is  willing  to  knock  <^  20  per  cent  of  this  for  shunting 
operations,  and  to  duplicate  the  ^nerating  units  if  necessary  with  a 
corresponding  increase  of  his  figures. 

I  would  hke  now  to  add  a  few  words  on  the  electrical  side  of  the 
question.  Even  here  the  question  is  never  raised  as  to  whether  the 
assumed  sjrstem  is  the  best  for  the  purpose.  In  my  opinion  it  is  ques- 
tionable whether  the  proper  system  would  not  be  to  employ  three-phase 
motors  on  the  locomotives.  The  distance  between  stations  is  great ;  the 
speed  between  stations  might  be  maintained  constant  and  the  same  for 
each  class  of  train  ;  then,  would  it  not  then  be  feasible  to  have  a  15,000- 
volt  transmission  line  (if  abroad,  an  overhead  line)  and  feed  into  the  line 
through  static  transformers  at  intervals,  transforming  from  15,000  to  1,000 
or  2,000  volts ;  the  overhead  trolley  or  other  overhead  contact  system 
to  be  fed  at  this  pressure,  and  the  locomotive  motors  to  be  wound 
likewise  for  this  pressure  ?  If  this  system  were  feasible,  the  sub-stations 
with  their  engineers  and  rotating  machinery  would  be  replaced  by 
transformer  chambers  requiring  no  attendants,  the  loss  in  the  rotaries 
reckoned  here  at  10  per  cent  would  be  eliminated,  the  rail  loss  of  10 
per  cent,  would  be  replaced  by  an  overhead  conductor  loss  of,  say, 
4  per  cent,  and  the  losses  in  transmission  line  and  transformers  would 
be  reduced.  In  fact,  I  think  an  improvement  of  20  per  cent,  on  Mr. 
Langdon's  overall  efiEciency  would  be  possible.  Continuous-current 
series  motors  with  rotaries  are  assuredly  the  right  thing  for  heavy  city 
traffic,  where  distances  between  stations  are  short  and  speeds  are  pro- 
portionately high.  In  such  cases  the  most  economical  procedure  is 
rapidly  to  accelerate  up  to  maximum  speed,  and  then,  if  possible,  to  cut 
off  current  entirely.  In  such  cases  the  speed  would  be  never  constant 
for  a  moment,  and  three-phase  motors  would  therefore  be  most 
uneconomical  and  inefficient.  Where,  however,  long  stretches  inter- 
vene between  stations,  constant  speed  may  be  maintained,  and  three- 
phase  motors  will  be  equally  efficient  as  series  motors.  Three-phase 
motors  would,  of  course,  be  less  efficient  in  fogs  where  the  speed  would 
have  to  be  reduced  ;  special  low-speed  locomotives  would  be  built  for 
goods  trains,  and  for  use  where  shunting  was  carried  on  extensively. 
The  adoption  of  three-phase  m6tors  in  the  locomotives  certainly 
seems  to  me  to  merit  discussion,  but  Mr.  Langdon^does  not  refer  to  it 
ataU. 

Mr.  Patrick  M.  Barnett  said  that  he  had  come  to  listen  and  not  to  Mr.  Barnctt 
speak,  but  he  had  listened  with  a  great  deal  of  pleasure  to  the  discussion. 
He  thought  that  it  would  be  a  waste  of  their  time  for  him  to  make  any 
remarks  on  the  subject,  more  especially  as  he  was  neither  a  mechanical 
nor  an  electrical  engineer.  He  was,  however,  interested  in  the  question 
before  them  very  much,  and  he  would  like  to  put  one  or  two  questions. 

In  regard  to  electric  traction  by  a  conducting-rail,  he  could  easily 
understand  that  in  a  subway  or  tunnel  such  an  arrangement  might  be 
quite  suitable  and  proper,  but  he  would  like  to  know  how  it  would  be 
possible  in  country  districts.  They  knew  that  ia  this  country  there  were 
a  great  many  level-crossings  in  connection  with  railways,  and  the  con- 
tinuous rail  could  not  be  carried  over  these  crossings.  He  would  like  to 
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Mr.  Baroctt   know  how  they  were  going  to  manage  this  withou  breaking  the  electrical 
connection. 

Another  point  that  he  would  like  information  upon  was  what  effect 
electric  traction  would  have  in  the  case  of  those  working  on  the  line. 
What  would  its  effect  be  on  the  surfacemen  or  on  the  train  if  a  crowbar 
was  laid  across  the  conducting  and  running  rails  ? 

Continuing,  the  speaker  gave  an  account  of  a  visit  to  a  railway  in 
France  worked  by  an  electric  motor  and  accumulators. 
McinioBh  ^^'  y  ^'  McIXTOSH  expressed  the  pleasure  he  had  in  being  present 

and  hearing  the  discussion,  and  said  that,  like  the  previous  speaker, 
he  was  a  mechanical,  not  an  electrical,  engineer,  and  would  have  pre- 
ferred to  be  a  listener  only.  With  regard  to  the  question  that  Mr. 
Barnett  had  asked,  he  thought  that  if  Mr.  Barnett  had  gone  to  the 
Paris  and  Orleans  Electric  Railway  he  w^ould  have  got  the  information 
he  desired.  The  speaker  had  been  curious  to  get  information  regarding 
this  very  point,  namely,  as  to  how  an  electric  engine  was  to  get  over  a 
crossing,  or  do  shunting,  without  interruption  of  the  transmission  of 
power.  He  had  had  the  pleasure  of  seeing  how  this  was  done,  and 
also  of  travelling  on  an  electric  locomotive  which  took  the  Bordeaux 
express  from  Quai  d'Orsay  to  Austerlitz,  a  distance  of  2^^  miles. 
Mr,  Barnett  would  have  found  that  the  power  was  transmitted  from 
the  ground  rail  to  the  roof  of  the  tunnel  in  shunting,  and  that  a  rail 
was  placed  on  the  roof,  so  that  immediately  the  engine  leaves  one  line 
for  another,  it  takes  the  power  from  the  top. 

Another  point  that  he  would  like  to  speak  about  was  the  trouble 
likely  to  arise  in  the  winter  time  in  connection  with  snow  wreaths 
covering  the  power-rail.  He  had  been  puzzled  to  know  how  snow 
would  affect  the  transmission  of  the  current  from  the  rail  to  the  loco- 
motive. But  he  had  discovered  that  this  also  could  be  got  over  in  the 
same  way  as  they  do  in  France,  and  that  was  in  cuttings  where  there 
were  likely  to  be  snow  wreaths  the  rail  could  be  elevated,  so  that  it  could 
be  out  of  the  reach  of  snow.  On  the  electric  railway  in  France,  to 
which  he  had  already  referred,  he  could  assure  them  that  it  was  a  very 
interesting  experiment  to  him  to  step  on  to  an  engine  which  liad  no 
steam  ;  but  when  the  driver  got  the  signal  to  start  he  pulled  the  cord, 
and  the  whistle  blew  in  the  very  same  way  as  an  ordinary  locomotive. 
This  whistle  he  found  was  worked  by  air,  a  small  dynamo  working  a 
small  Westinghouse  pump.  Before  the  train  had  gone  very  far  they 
were  going  at  a  speed  of  from  20  to  25  miles  per  hour,  and  it  seemed 
that  this  speed  could  very  easily  be  increased.  What  had  struck  him 
very  much  was  that  an  incline  seemed  to  have  no  effect  upon  the 
electric  locomotive,  and  he  was  very  much  impressed  with  it. 

Concluding,  the  speaker  said  that  with  reference  to  the  dis- 
cussion, he  thought  they  had  perhaps  been  going  just  a  little  too  far 
ahead.  They  were  all  aware  of  the  necessity  of  the  supersession  of 
steam  by  electricity.  They  knew  that  the  coals  in  this  country  could 
not  last  for  ever.  He  was  therefore  more  inclined  to  thank  Mr. 
Langdon  than  to  criticise  his  paper,  seeing  that  he  had  given  them  the 
opportunity  of  discussing  what  would  be  the  best  methods  to  adopt  in 
electric  traction  ;  and  without  beginning  to  calculate  the  cost  or  expense* 
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he  thought  they  ought  to  keep  in  mind  the  necessity  of  having  the  lines  M'- 
worked  by  electricity,  and  to  consider  the  best  way  by  which  this  could 
be  done. 

Mr.  Sam  Mayor  :  In  Table  VII.  the  Lurgest  item  by  far  is  for  drivers  Mr.  Ma\w. 
and  assistants,  and  it  is  not  clear  that  so  high  an  allowance  as  2*65  pence 
per  mile  is  necessary.  I  have  learned  from  Mr.  Mcintosh,  of  the  Cale- 
donian Railway,  that  a  fair  day's  mileage  for  a  driver  is  from  60  to 
120  miles,  but  sometimes  130  miles  is  performed.  Assuming  an  average 
of  go  miles  per  day,  and  a  cost  of  15s.  per  day  for  driver  and  assistant, 
the  rate  per  mile  would  be  2  pence.  There  can  be  no  doubt  that  a 
greater  daily  mileage  would  be  realised  from  the  drivers  with  electric- 
than  with  steam-locomotives.  The  electric  locomotive  depots  being 
close  to  the  terminal  stations  instead  of  several  miles  distant  from  them, 
as  is  frequently  the  case,  would  save  drivers'  time  both  at  the  beginning 
and  end  of  the  day's  work,  and  the  time  of  the  driver  going  to  or  from 
the  depots  or  water  towers  for  coal  and  water  would  be  saved  with  the 
electric  locomotive. 

The  section  of  the  line  upon  which  the  paper  is  based  is  favourable 
to  the  case  for  electric  driving,  as  the  load-factor  is  good,  and  it  is 
doubtful  whether  Mr.  Langdon's  assumption  would  be  realised  that 
approximately  similar  results  would  be  obtained  on  branch-lines.  The 
splitting  up  of  trains  and  giving  more  frequent  service,  although  it 
improved  the  load-factor,  would  largely  increase  the  cost  for  drivers. 
It  is.  interesting  to  note  in  this  connection  that  the  tendency  on  main- 
line trains  is  to  increase  their  length  and  weight.  Such  luxuries  as 
dining-cars,  now  so  common  on  express  trains,  could  not  be  afforded 
unless  trains  were  long,  and  the  additional  space  provided  for  the 
comfort  of  passengers  has  led  to  the  use  of  the  larger  and  heavier 
coaches  now  employed.  The  section  of  line  considered  in  the  paper 
is  approximately  level,  but  on  other  sections  of  the  Midland,  and  on  the 
London  and  North- Western,  and  on  the  Scottish  lines,  steep  gradients 
have  to  be  faced,  and  this,  coupled  with  the  increasing  weight  of 
express  trains,  would  involve  the  use  of  electric  locomotives  of  much 
greater  power  than  those  anticipated  in  the  paper. 

Mr.  W.  PiCKERSGiLL  :  In  computing  the  total  power  required  to  Mr. 
work  the  train  on  the  given  line  between  St.  Pancras  and  Bedford,  Mr.  P*^^«*^"- 
Langdon  has  taken  for  the  basis  of  his  calculation  the  number  of  trains 
passing  a  given  point  in  a  given  time.  I  am  of  opinion  that  a  more 
accurate  result  of  the  power  required  could  have  been  obtained  if  the 
maximum  load  to  be  hauled  at  an  average  speed  at  one  time  had  been 
taken  for  the  whole  of  the  5o-mile  line.  Generally  speaking,  the 
maximum  number  of  trains  that  can  be  put  upon  a  length  of  line 
depends  upon  the  number  of  block  sections,  and  assuming  that  there 
are  10  block  sections  between  given  termini,  it  would  be  possible  to 
get  as  many  as  40  trains  in  a  50-mile  section  of  four  rails  at  the  same 
time.  This,  however,  is  very  improbable,  but  I  am  of  opinion  that 
during  holiday  seasons  or  specially  heavy  traffic  there  would  be  many 
more  trains  on  the  section  than  14,  which  is  the  number  that  Mr. 
Langdon  bases  his  power  upon.  If  this  were  so,  it  would  be  found 
that  in  order  to  provide  for  the  maximum  demand,  as  also  to  insure 
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Mr.  against  breakdowns,  and   have  duplicate  plant  for  repairs,  a  larger 

c  crsj^  installation  would  be  required  and  consequently  increase  of  capital, 
which  would  have  the  eflFect  of  increasing  the  standing  charges  and 
the  cost  per  train-mile. 

I  am  of  opinion  that  the  formulae  adopted  by  Mr.  Langdon  for  the 

V' 

traction  effort  for  moderately  high  speeds,  viz.,  3  +^^  pounds  per  ton 

is  not  far  from  being  correct,  but  I  find  that  no  allowance  has  been 
made  for  the  resistance  due  to  gravity,  curves,  or  head  and  side  winds 
which  offer  very  serious  resistance  to  the  passage  of  trains,  especially 
when  running  at  high  speeds. 

If  the  data  as  to  the  cost  of  working  a  train-mile  by  steam  locomotive 
includes  the  expenses  due  to  piloting,  light  running,  and  shunting,  and 
other  work  not  classed  as  train-miles,  then  the  comparison  as  to  the 
cost  of  working  by  electricity,  not  being  on  the  same  basis,  is  fallacious, 
and  it  would  be  advisable  to  get  a  true  comparison  before  seriously 
discussing  the  question. 

I  should  also  expect  that  the  average  cost  per  train-mile  for  steam 
locomotive  also  includes  a  large  amount  of  heavy  suburban  and  local 
goods  working  through  some  of  the  busy  districts  on  the  Midland  Hne, 
and  the  cost  of  working  these  trains  would  no  doubt  be  very  much 
higher  than  the  cost  for  working  trains  on  the  main  line.  If  these  trains, 
which  can  hardly  be  considered  as  main-line  trains,  and  also  the  cost 
of  working  them,  were  eliminated,  it  would  no  doubt  have  the  effect  of 
materially  reducing  the  cost  p)er  train-mile  for  the  section  under  con- 
sideration. 

I  observe  that  Mr.  Langdon  allows  a  sum  of  ;£5o,ooo  per  annum  for 
the  whole  of  the  shunting  on  the  Midland  Railway,  but  I  am  of  opinion 
from  experience  that  this  sum  must  have  been  far  too  little  to  cover  the 
cost,  considering  the  magnitude  of  the  work  on  the  Midland  Railway, 
to  say  nothing  of  the  piloting  and  light  miles  and  other  work  not 
included' in  train-miles. 
Mr.  Vorkc.  Mr.  R.  F.  YoRKE  {communicated) :  I  have  only  just  received  to-day 

a  complete  printed  form  of  the  paper,  and  am  therefore  rather  handi- 
capped in  entering  into  a  discussion  on  it  at  such  short  notice. 

It  has  been  printed  by  the  electrical  papers,  but  in  some  cases  errors 
have  crept  in,  such  as  that  concerning  the  pressure  which  was  stated 
to  be  100,000  volts  instead  of  10,000 ;  and  the  paper  itself  for  publishing 
purposes  has  been  split  up  into  two  different  parts.  I  should  like  to 
take  this  opportunity  of  appealing  to  our  electrical  press,  whether  they 
could  not  in  important  papers  of  this  kind  print  the  whole  in  one  issue. 
It  is  most  tantalising,  on  arriving  at  the  interesting  part,  to  have  to  wait 
another  week  for  the  conclusion. 

It  is  a  great  pleasure  to  me  to  see  my  former  chief  of  the  electrical 
department,  Midland  Railway,  again  to  the  front.  He  was  at  the  front 
in  the  early  days  of  electric  lighting,  not  only  as  regards  the  electric 
lighting  of  the  Company's  hotels,  but  in  lighting  the  goods  and  shunting 
yards,  which  entailed  a  subsequent  diminution  in  the  risk  to  life,  and 
many  other  contingent  advantages.  Mr.  Langdon  is  now  again  to  the 
fore  with  his  present  proposal  for  substituting  electric  locomotives  in 
ace  of  those  worked  by  steam. 
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The  present  time  does  not  appear  <^portane  for  discussing  en-  Mr  Y<vtr 
gineering  details.  Provided  the  railway  companies  accept  the  principle, 
there  is  any  amount  of  electrical  engineering  talent  in  this  country 
successfully  to  evolve  the  best  system  to  be  adopted.  This  system 
must  be  applicable  to  all  the  railways,  so  that  such  errors  as  those 
w^hich  occurred  in  connection  with  the  broad  and  narrow  gauge  may 
be  avoided. 

There  are,  however,  one  or  two  general  pcnnts  which  I  shotiki  like 
to  notice.  The  first  is  this :  that  assuming  electric  working  be 
introduced,  the  public  will  certainly  expect  that  trains  will  be  run 
at  an  increased  speed.  It  will  be  quite  possible  to  do  this,  using 
the  existing  weight  of  rails,  as  the  injurious  knocking  action  of  the 
reciprocating  engine  will  be  absent. 

The  other  point  I  note  is  tliat  the  author  has  taken  as  the  l>asis  of 
calculation  the  working  of  an  important  main  line  ;  but  how  do  the 
figures  work  out  for  branch  lines  with  only  a  comparatively  hght 
passenger  traffic  ?  Will  it  be  possible  to  work  these  lines  also  economi- 
cally ?  I  am  interested  in  this  question,  as  I  have  lately  had  occasion 
to  lay  a  proposal  before  one  of  the  Scottish  railw*ays  for  working  a  short 
line  electrically  by  means  of  water  power,  and  the  question  to  be 
decided  was  whether,  in  view  of  the  small  traffic,  it  would  pay  to  put 
down  the  necessary  plant.  Even  supposing  that  the  railway  companies 
do  not  accept  the  proposal  in  its  entirety,  I  still  think  that  our  Highland 
railways  would  benefit  by  the  adoption  of  auxiliary  electric  locomotives 
for  working  their  steep  gradients.  Where  these  heavy  gradients  exist, 
water  power  is  nearly  alwa3rs  present.  Take  the  Highland  Railway, 
for  instance,  with  the  steep  climb  from  Struan  to  the  top  of  the 
Grampians.  The  river  Garry  would  furnish  any  amount  of  power  for 
auxiliary  locomotives. 

Again,  on  the  West  Highland  Railway,  with  the-  long  climb  from 
Spean  Bridge  up  to  the  summit  at  Corrour,  the  water  power  of  the 
'Spean  Valley  could  provide  some  10,000  H.P.,  which  would  be  greatly 
in  excess  of  what  would  be  required. 

I  agree  with  the  author  on  one  of  the  points  on  which  he  lays  stress, 
namely : — that  the  new  system  can  be  introduced  by  degrees,  and  when 
it  has  been  proved  to  be  a  success,  further  great  extensions  will 
necessarily  follow. 

At  the  conclusion  of  the  meeting,  Mr.  H.  A.  Mavor  moved  "that 
Colonel  R.  E.  Crompton  and  his  gallant  boys,  who  are  being  officially 
welcomed  back  from  the  front  in  London  by  our  Parent  Institution  on 
Tuesday  next,  be  accorded  a  hearty  vote  of  congratulation  by  this 
Section,  and  that  we  send  them  our  sympathetic  wishes  on  the  con- 
clusion of  their  patriotic  and  arduous  campaign." 

This  was  duly  seconded,  and  was  carried  with  acclamation. 
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Reply  of  Mr.  Langdon  to  the  Discussion  on  his 
Paper:  "The  Supersession  of  the  Steam  by  the 
Electric  Locomotive."  (London,  December  6th,  1900.) 

Mr.  Mr.  W.  Laxgdox,  in  reply' :  It  is  perhaps  unnecessary  that  I  should 

Langdon.  ^y  ^j^^  ^j^g  paper  which  I  have  submitted  for  your  consideration  is 
practically  the  outcome  of  the  success  that  has  attended  the  recent 
application  of  electricity  to  the  movement  of  railway  trains.  That 
which  has  been  done  has  shown  the  practicability  of  the  application  of 
that  power  to  the  purpose,  and  naturally  the  question  arises  whether 
any  and  what  economy  might  be  expected  to  attend  its  use,  supposing 
it  should  be  found  applicable  to  the  same  purpose  in  connection  with 
our  large  railway  systems.  I  have  been  attacked  because  I  have 
brought  this  paper  before  the  members  of  the  Institution  of  Electrical 
Engineers.  Well,  it  naturally  appeared  to  me  that  it  was  a  question 
which  intimately  affected  the  Institution  of  Electrical  Engineers,  and 
that  perhaps  no  better  body  in  the  kingdom  could  be  found  to  discuss 
its  merits  or  its  de-merits.  It  is  not  improbable  that  some  of  my 
deductions  may  be  erroneous,  although  I  have  endeavoured  in  consider- 
ing the  subject  to  deal  with  it  in  an  unbiased  manner  and  as  fairly  as 
possible.  I  do  not  suppose  that  if  electrical  energy  is  applied,  as 
undoubtedly  it  will  be  applied  some  day,  to  the  movement  of  the  traffic 
of  the  main  lines  of  railway  of  this  kingdom  it  will  be  in  my  time  ;  I 
may  see  something  of  it,  but  I  shall  not  see  its  general  application.  I 
have  therefore  no  personal  interest  in  the  subject  beyond  the  advance- 
ment of  that  which  I  believe  will  prove  of  vast  interest  to  the  community 
at  large. 

Professor  Forbes  has  stated  it  is  a  pap>er  which  ought  to  have  been 
brought  forward  somewhere  else,  and  he  has  in  a  measure  criticised  my 
deductions.  As  I  have  stated  in  the  paper,  the  subject  has  necessarily 
been  dealt  with  by  me  in  an  abstract  manner.  The  purpose  of  the 
paper  has  been  to  evolve,  if  possible,  some  result  as  to  the  economy 
and  other  advantages  that  might  attend  the  use  of  electricity  as  applied 
to  our  large  railway-services,  and  it  certainly  appeared  to  me  that  there 
was  much  more  probability  of  a  successful  issue  if  applied  on  portions 
of  line  where  the  line  was  considered  to  be  full  of  trains  and  where 
there  was  a  great  deal  of  work  doing,  than  if  a  section  of  line  less  used 
were  selected.  It  was  for  that  reason  that  I  took  the  London  and 
Bedford  section  of  line.  I  do  not  know  if  I  am  wrong  in  the  tractive 
effort  formula  which  I  have  employed,  but  I  do  know  that  it  is  derived 
from  absolute  experiments.  I  am  not,  however,  prepared  to  say  if  it 
embraces  actual  results  obtained  from  goods  and  mineral  trains,  but  I 
have  every  confidence  in  its  accuracy  with  respect  to  all  kinds  of 
passenger  trains. 

Mr.  Mark  Robinson,  on  the  occasion  of  the  last  meeting,  raised  the 

»  The  first  portion  of  this  reply  was  given  verbally  at  the  Ordinary'  General 
'ieeting  in  London,  on  Thursday,  December  6th  (see  p.  193). 
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question  whether  it  was  preferable  to  work  a  section  of  line  from  a  Mr. 
central  generating  station  serving  several  substations  or  to  work  it  from  a 
number  of  local  generating  stations.  I  feel  quite  satisfied  that  his  remarks 
were  bond  fide,  that  they  were  not  at  all  influenced  by  any  personal 
desire  with  respect  to  the  type  or  capacity  of  stationary  engine  which 
should  be  employed.  Messrs.  Willans  and  Robinson  had  in  the  Paris 
Exhibition  an  engine  of  some  1400  H.P.,  I  think,  and  I  have  no  doubt 
that  if  they  were  called  upon  to  produce  an  engine  of  still  greater 
capacity  it  would  be  quite  within  their  power  to  do  so  ;  but  that  which 
has,  I  think,  escaped  the  attention  or  consideration  of  several  who  have 
taken  part  in  this  discussion  has  been  the  fact  that  with  a  central 
generating  station  serving  substations  you  are  able  to  transfer  the 
sectional  load  from  one  section  to  another  without  materially  altering 
that  at  the  generating  station. 

Mr.  Raworth  has  called  attention  to  the  fact  that  although  I  had 
taken  14  trains  as  the  average  number  of  trains  passing  over  the 
section  of  line  in  one  hour,  one  of  the  tables  produced  in  the  paper 
showed  that  as  many  as  19  trains  were  present  during  one  of  the  24 
hours.  That  is  a  fact,  but  Mr.  Raworth  omitted  to  say  that  during 
other  hours  the  number  was  considerably  less,  the  minimum  being  in 
one  hour  as  few  as  seven.  That  shows  how  the  load  will  vary.  There 
will  be  a  continually  varying  sectional  load  so  far  as  the  subsections  them- 
selves are  concerned,  but  the  load  at  the  central  generating  station  will  be 
practically  continuous.  If  you  have  to  establish  local  generating  stations, 
of  course  you  have  to  make  provision  for  the  maximum  number  of  trains 
that  would  be  in  that  section,  and  your  power  must  always  be  there 
in  order  to  give  the  possible  maximum  output.  That  means  you  would 
have  to  increase  your  plant,  and  as  your  load  would  not  be  constant  as 
it  is  at  the  large  central  generating  station,  you  could  not  effect  the  same 
economy  especially  with  regard  to  your  coal  bill.  I  have  since  the  last 
meeting  gone  into  some  figures  with  respect  to  the  establishment  of 
these  local  stations,  and  I  make  the  primary  outlay  ;£430,ooo,  instead  of 
j^70,ooo  for  the  central  scheme,  while  the  working  expenses  come  out 
at  0*8233  per  kilowatt  as  against  0*6726  for  the  central  generating  station, 
and  per  train-mile  at  7*160  against  7*021.  If  we  add  to  that  interest  at 
2k  per  cent  on  the  outlay,  we  get  this  result :  0*9223  per  kilowatt  for  the 
local  generating  stations  as  against  0*7716  for  the  cenbal  station  scheme  ; 
and  8'02o8  as  against  7.662  per  train-mile.  In  making  that  calculation  I 
have  taken  coal  at  4  lbs.  per  kilowatt,  because  it  seems  to  me  quite  clear 
that  you  could  not  maintain  3  lbs.  with  so  varying  a  load. 

The  subject  as  to  whether  a  section  of  line  could  be  worked  more 
economically  or  with  greater  advantage  by  a  central  station  feeding  so 
many  substations,  or  whether  the  line  should  be  divided  into  sections, 
each  section  being  provided  with  its  own  generating  plant,  is  one  which 
would  nabually  command  careful  consideration  at  the  hands  of  any  one 
who  might  be  called  upon  to  consider  its  practical  application. 

It  has  been  stated  that  my  allowance  of  3  lbs.  of  coal  per  kilowatt  is 
insufficient  Mr.  Cunningham,  on  the  occasion  of  the  last  meeting, 
quoted  3*6  lbs.  as  the  lowest  he  was  aware  of  ;  Mr.  Parsons  suggested 
2*5.    Only  a  short  time  since.  Engineering  published  some  data  upon 
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Lancdon.  *^^  subject,  and  I  have  culled  one  or  two  results  from  its  pages.  On 
the  Metropolitan  E]e\'ated  Chicago  line  the  lbs.  coal  per  kilowatt  was 
175 ;  At  Boston  it  varied  from  2*61  to  4*13.  I  have  not  here  the  whole 
of  the  figures,  but  if  my  memory  serves  me  right  there  were  several 
results  given  with  respect  to  Boston,  and  the  average  came  out  at  a 
littie  over  3  lbs.  Baltimore  City  was  3*23  lbs.,  and  Brooklyn  City  3X). 
Again,  the  Engineer  of  May  25th,  dealing  with  the  Berlin  tramways, 
gives  2' I  as  the  amount  of  coal  used  per  kilowatt-hour  with  super-heated 
steam,  and  2*3  with  saturated  steam. 

My  station  charges  have  not  been  in  any  way  criticised,  but  the 
cost  of  drivers  has  been  mentioned  by  more  than  one  speaker.  Mr. 
Crompton  considers  that  a  less  wage  might  be  paid  to  the  class  of 
drivers  who  would  be  required  to  handle  the  electric  locomotives  or 
motors.  Possibly  that  would  be  so.  I  have  not  claimed  any  exception 
for  that,  but,  on  the  contrary,  I  have  in  all  my  charges,  as  I 
thought,  endeavoured  to  deal  with  them  in  such  a  liberal  manner  that 
they  should  merit  no  adverse  criticism.  There  is  no  doubt  that  the 
cost  of  drivers  is  a  very  heavy  charge  indeed,  but  I  do  not  see  how  it  is 
possible  to  have  it  to  any  extent  modified  unless  the  traffic  arrangements 
are  also  modified.  With  regard  to  the  repair  and  renewal  of  machinery, 
Mr.  Crompton  very  properly  pointed  out  that  there  would  be  no 
boilers  practically  beyond  those  required  at  the  generating  stations, 
and  that  consequently  there  should  be  a  great  reduction  in  the  annual 
cost,  because  a  great  deal  of  the  charges  for  repairs  in  connection  with 
the  locomotive  is  in  connection  with  the  boilers.  He  considered — and 
I  think  one  or  two  other  speakers  who  followed  him  also  considered — 
that  my  charges  in  connection  with  the  repair  and  renewal  of  machinery 
were  too  high,  and  that  something  less  than  twopence  per  train-mile 
ought  to  be  obtained.  In  this  I  quite  agree,  but  I  prefer  to  adhere  to 
the  figures  I  have  adopted  for  the  reason  just  advanced. 

Professor  Carus- Wilson  has  been  kind  enough  to  send  me  a  copy  of 
his  paper  on  polyphase  traction,  read  before  the  members  of  the 
Institution  of  Mechanical  Engineers.  I  readily  and  heartily  acknow* 
ledge  the  Professor's  kindly  courtesy,  but  I  may  perhaps  be  allowed  tc 
say  that  whatever  is  done  with  respect  to  the  introduction  of  electricity 
for  the  operation  of  main-lines  of  railways  it  will  have  to  be,  I  feel 
convinced,  of  the  most  simple  possible  character.  For  instance,  poly- 
phase working  would  require  two  contact  rails,  and  that  alone  would 
introduce  a  great  deal  of  complication. 

I  am  sorry  to  find  that  time  forbids  the  completion  of  my  remarks. 
I  will  endeavour  to  complete  what  I  was  desirous  of  saying  in  writing. 

Mr.  W.  Langdon  {communicated  January  23,  1901) :  The  lateness  of 
the  hour,  and  consequently  the  few  moments  which  could  be  allotted 
me  in  which  to  attempt  to  reply  to  the  observations  of  the  several 
speakers,  obliged  my  remarks  to  be  so  hurried,  and  so  incomplete,  that 
I  feel  it  will  be.  necessary  to  trespass  somewhat  largely  upon  the  privi- 
lege accorded  me  to  supplement  what  I  then  said  by  this  communication. 

It  is  not  my  intention  to  review  the  remarks  of  each  speaker,  but  to 
deal  with  the  salient  points  under  their  respective  heads.  These  I 
regard  as — 
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(i)  The  Tractive-Effort  forniula  employed  by  mc  ;  Ur. 

(2)  The  Coal  factor  ;  ui^don. 

(3)  The  Hypothetical  Electrical  System  employed  for  comparison. 
Aod  to  these  I  propose  to  add  certain  observations  emanating  from 
myself  in  relation  to — 

(4)  The  Rolling  Stock  and  Permanent-way  arrangements. 

Traclive-Effori  Formii/o.— The  results  arrived  at  under  Table  IV. 
depend  largely  upon  the  formula  which  I  have  employed.  If  inaccurate, 
or  affording  too  low  a  factor,  my  deductions  will  call  for  modification. 
The  question  therefore  is  whether  the  formula  employed  is  a  reasonably 


: 


i 


3 


i 


SPEED    IN     MILCa   PER  HOUR. 

I-'iCJ.  C— Extraaed,  by  permission,  from  Fowler's  "  Mechanical  Engineer  " 
Pocket-Book  for  190c. 

fair  one.  By  the  courtesy  of  Mr.W.  H.  Fowler,  the  author  of  "Fowler's 
Mechanical  Engineer  Pocket  Book  for  1900,"  I  reproduce  the  Chart 
which  occurs  at  page  333  of  that  work,  showing  the  Tractive  Effort 
curves  plotted  from  results  arrived  at  by  various  experimenters.  WolfFs 
curve  is  derived  from  data  published  in  the  Mechanical  Engineer  for 
February  25.  1899,  and  is  as  follows  : — 

(V  +  12I        V 
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Langdofi.  ^  being  resistance  in  pounds  per  ton,  and  V^  velocity  in  miles  per 
hour. 

This  formula  when  worked  out  for  a  speed  of  50  miles  per  hour 
provides  a  Ib.-ton  factor  of  12.  That  adopted  by  me  provides  for 
131b. 

At  page  138  Fowler  also  furnishes  the  following  formula  for  speeds 
over  20  miles  an  hour  as  that  established  by  "  modem  experimenters": — 

«-  =  3  +  ,^.- 

and  where  the  speed  is  less  than  20  miles  an  hour — 

V4-i2\   .   V» 


R  _^/V4-i2\  ^  V» 

R«-3(vn;^55o- 
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R,  in  each  case  being  resistance  in  pounds  per  ton  of  engine,  tender, 
and  train  ;  and  V  speed  in  miles  per  hour. 

In  each  instance  these  a£Ford  a  lower  lb. -ton  factor  than  that  employed 
by  me. 

Laboriette's  curve  is  a  trifle  higher  than  WolfPs,  while  Wolff's  and 
Deeley's  are  practically  synonymous. 

I  here  insert  a  letter  which  I  have  received  from  Mr.  Deeley.'  Mr. 
Deeley,  as  is  well  known,  occupies  the  position  of  Mr.  S.  W.  Johnson's 
Chief  Technical  Officer,  and  has  for  many  years  been  associated  with 
investigations  of  this  character. 

On  the  chart,  copy  of  which  I  have  produced,  is  a  curve  representing 
Clark's  deductions  ;  and  in  "  Moleswgrth  "  is  the  formula — 

R  =  6H-oo9V»; 

where  V  =  Velocity  of  train,  miles  per  hour,  R  =  Resistance,  lbs.,  per 
ton  of  train,  which,  according  to  a  footnote,  is  said  to  be  "  modified  for 

V* 

oil  lubrication,  from  D.  K.  Clark's  formula  -—  +  8  for  lubrication  by 

171 

grease."    (The  name  is  spelt  difiFerently,  but  the  curve  is  apparently 

based  upon  the  above  formula.) 

Working  these  out  for  the  same  speed,  viz.,  50  miles  per  hour,  it 
appears  that  the  modified  formula — presumably  intended  to  apply  to 
oil  lubrication — produces  a  Ib.-tonnage  of  28*5,  while  that  assumed  to 
be  applicable  to  grease  lubrication  affords  a  result  of  22*62  lbs. ;  indi- 
cating that  the  lubrication  by  grease  is  superior  to  oil  lubrication,  an 
opinion  which  few  will,  I  think,  share. 

"Molesworth"  also  gives  a  formula  by  Harding,  stated  to  be 
inapplicable  to  low  speeds.  By  this  formula  the  table  which  accom- 
panies it  shows  that  for  a  speed  of  50  miles  the  lbs.  ton  is,  by  experiment, 
32-9,  and  by  formula,  35*3. 

Summarised,  I  classify  these  with  their  results  as  under  : — 

'  Printed  in  Report  of  Meeting  of  Glasgow  Local  Section  (see  p.  200). 
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It  is  not  clear  that  Clark's  formula  embraces  the  weight  of  the  cDgiuc 
and  tender.  If  so,  then  the  H.P.  required  for  a  train  of  275  tons, 
including  engine  and  tender,  when  travelling  at  a  speed  of  50  miles  an 
hour,  would  be,  by  formula,  6  +  -009  \^,"  1045,  instead  of  477  as  shown 
by  me.  If  it  is  not  intended  to  embrace  the  engine  and  tender,  then 
the  H.P.  would  be  703.  In  the  first  case  a  doubtful  attainment  on  the 
part  oi  the  locomotive,  and,  in  either  case,  excessive.  Indeed  the  results 
appear  to  be  such  as  to  favour  the  impression  that  the  higher  formulae 
must  be  the  result  of  experiments  conducted  under  conditions  very 
different  to  those  attending  the  tests  carried  out  by  other  experimenters. 

As  somewhat  confirmatory  of  the  result  worked  out  by  me  it  may, 
perhaps,  not  be  out  of  place  to  quote,  from  Mr.  Johnson's  Presidential 
Address  already  referred  to,  the  following  sentence  in  reference  to  a 
train  of  256  tons  :  "  One  of  my  single-driving-wheel  locomotives, 
running  between  Nottingham  and  London,  burns  per  indicated  horse- 
power per  hour,  from  2*9  to  3*1  lbs.  of  coal  with  ordinary  firing,  and 
uses  about  29  lbs.  of  water  per  horse-power,  per  hour,  when  the  mean 
indicated  horse-power  is  about  400."  The  italics  are  mine.  From  this 
I  presume  it  may  be  inferred  that  400  H.P.  is  the  mean  indicated  power 
exercised  during  the  journey.  The  horse-power  for  such  a  train  and 
speed  is  shown  in  my  Table  IV.  as  477. 

Although  a  copy  of  my  paper  was  sent  to  the  General  Managers  and 
the  Locomotive  Engineers  of  all  the  chief  railways,  Mr.  Pickersgill,  of 
the  Great  North  of  Scotland  Railway,  is  the  only  locomotive  engineer 
who  has  referred  to  the  subject,  and,  as  I  read  Mr.  Pickersgill's  remarks, 
he  regards  the  formula  as  fairly  correct,  but  considers  certain  allow- 
ances for  curves,  gradients,  etc.,  have  not  been  made.  The  formula  is 
the  result  of  a  large  number  of  experiments  with  ordinary  made-up 
trains,  and,  so  far  as  I  can  ascertain,  does  take  into  consideration  all 
these  points  as  well  as  acceleration.  As  Mr.  Pickersgill  has,  in  con- 
formity with  others  whom  I  have  quoted,  made  numerous  experiments 
to  get  at  absolute  results,  and  as  his  results  would  appear  to  agree  with 
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Mr.  those  obtained  by  the  majority  of  other  experimenters  whom  I  have 

quoted,  as  well  as  with  that  formula  which  I  have  employed,  I  can  see 
no  reason  for  any  modification  of  my  figures— especially  as  Mr.  Pickers- 
gill's  investigations  would  appear  to  have  extended  to  goods  as  well  as 
passenger  trains.  It  should,  however,  be  borne  in  mind,  as  I  have 
indicated  in  the  paper,  that  my  deductions  are  framed  on  a  clear  run  by 
the  trains  at  the  speeds  indicated.  Some  allowance  may  be  necessary 
for  frequent  or  exceptional  acceleration,  but  it  is  not  proper  to  base  this 
upon  data  obtained  from  "  omnibus  "  traffic  such  as  that  of  the  City  and 
South  London,  the  Metropolitan,  or  other  subway  trains.  With  such  a 
central  generating  scheme  as  I  have  outlined,  very  much  of  the  demand 
for  acceleration  would  be  met  by  the  cessation  of  demand  due  to  trains 
moving  under  momentum  prior  to  stoppage. 

Coal  Factor, — Probably  the  item  next  in  importance  as  affecting  the 
accuracy  of  my  conclusions  is  that  of  the  coal  bill.  It  has  been  argued 
that  the  whole  question  of  economy  centres  upon  the  coal  consumption. 
No  doubt  coal  is  a  large  factor,  but  I  do  not  agree  that  it  dominates  the 
issue.  The  question  is  whether,  with  a  continuous  output,  day  and 
night,  with  a  load  factor  closely  approaching  loo  per  cent.,  it  is  possible 
to  generate  one  thousand  watts  of  electrical  energy,  for  one  hour,  with 
3  lbs.  of  coal — coal  of  an  ordinary  character,  such  as  is  known  as  York- 
shire or  steam  coal. 

In  dealing  with  this  branch  of  the  question  at  the  conclusion  of  the* 
discussion,  I  quoted  some  cases  in  which  electricity  power  stations  had 
complied  with  this  condition,  but  being  pressed  for  time  I  did  not  give 
the  load  factors.    I  do  so  now. 

Output.         Coal  per  Kilowatt-hour. 

Metropolitan    Elevated    Railway, 

Chicago    2,070,537  kw.     ...     175    lbs. 

Boston  (1897)  :—  Load  Factor. 

Albany  St. Central 34*8  per  cent.  ...  286  „ 

East  Cambridge 522        „  ...  3*24  „ 

Dorchester 33'6        „  ...  248  „ 

East  Boston  22-3        „  ...  3*18  „ 

Charlestown  464        „  ...  2*61 

Allston 470        „  ...  413 


Average  3*083 

Brooklyn  City  Railroad  (1897) : — 

Kent  Avenue  Station    36  „  ...  30 

Southern  Station  30  „  ...  3*5 


»» 


The  whole  of  these  generating  stations  have  not  a  continuous  output. 
They  are  shut  down,  or  the  fires  are  banked  for  some  hours  out  of  the 
24 ;  while  it  will  be  seen  that  the  load  factor  is  feeble  in  comparison 
with  that  which  forms  the  basis  of  my  calculations.  I  have  already 
referred  to  the  results  obtained  by  the  Berlin  tramways  power-station, 
viz.,  2*1  to  2*3  lbs.  per  kw.  hour,  and  it  may  perhaps  not  be  out  of  place 
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if  I  here  quote  from  a  letter  received  by  me  from  Mr.  John  Meldrum,  of  JJJng^on. 
Manchester,  who,  after  discussing  the  subject  in  a  very  full  and  complete 
manner,  observes  :  "  We  should  consider  that  the  2^  lbs.  mentioned  in 
3rour  letter  could,  under  the  favourable  conditions  of  constant  maximum 
load,  such  as  you  name,  be  reduced  in  practice  to  2  J  lbs.  or  even  slightly 
less,  of  course  taking  the  plant  to  be  of  the  most  modern  and  economical 
character."  I  am  here  glad  to  have  the  opportunity  of  thanking  Mr. 
Meldrum  for  his  courteous  reply  to  my  inquiries,  and  ready  permission 
to  make  use  of  his  letter. 

The  fact  is  there  exists  no  electricity  generating  station  working 
under  such  a  load  factor  as  is  possible — and  probably  only  possible — 
when  dealing  with  a  demand  such  as  would  be  necessary  to  meet  the 
requirements  of  a  stretch  of  from  30  to  50  miles  of  railway  filled  with 
trains  both  day  and  night,  fed  from  a  central  generating  plant  capable 
of  serving  such  a  section  of  line  by  substations.  The  results  I  have 
quoted  above  do  not  apply  to  such  a  condition.  Surely  then  if  attained 
in  America,  and  on  the  continent  of  Europe,  under  less  generous  con- 
ditions, it  ought  to  be  possible  to  attain  it  in  England. 

The  mode  adopted  by  me  for  considering  the  weight  of  coal  required 
per  kw.  is  a  very  definite  one.    The  power  derived  from  the  electricity 
generator  can  be  measured  to  the  greatest  nicety.    This  is  not  so  with 
the  steam  engine  itself.    I  freely  admit  I  am  unable  to  follow  the 
figures  quoted  in  relation  to  the  consumption  of  coal  by  the  locomotive 
— whether  the  indicated  horse-power,  or  the  per  ton-load,  forms  the 
basis.    I  take  my  figures  from  the  data  given  in  Mr.  Johnson's  Presi- 
dential Address  (although  other  and  later  figures  arc  no  doubt  to  be 
found  in  those  technical  periodicals  which  from  time  to  time  publish 
such  details),  for  the  reason  that  they  are  authoritative.    Mr.  Johnson 
shows  that  the  average  consumption  for  coal  and  coke  for  24  years  was 
50'i9i  lbs.  per  train-mile,  and  this  had  been  an  increasing  factor  from 
1884,  the  quantity  for  1896  being  54*19  lbs.    Now  if  the  London  and 
Bradford  express  locomotive  previously  quoted  burns  per  LH.P.  per  hour 
2*9  to  3*1  lbs.  of  coal  per  horse-power,  per  hour,  when  the  mean  indi- 
cated horse-power  is  about  400,  it  is  clear  that  such  engines  travelling  at 
the  speed  indicated  burn  about  24  lbs.  of  coal  per  train-mile.  This  means 
that  the  locomotives  on  other  trains  burn  considerably  more  than  54*19 
lbs.  per  train-mile  ;  and  with  these  figures  before  us  it  is  difficult  to 
follow  the  argument  that  steam  locomotives,  when  standing,  do  not  con- 
sume coal.    To  an  ordinary  observer  it  seems  clear  that  much  of  the 
cost  at  present  incurred  for  coal  and  coke  is  due  to  the  consumption 
consequent  upon  trains  being  kept  standing  at  stations  and  other  points 
en  route.    When  a  train  is  put  on  one  side,  for  another  to  pass,  it  must 
keep  steam,  or  it  would  not  be  ready  to  proceed  when  called  upon.  My 
paper  has  not  been  written  for  the  purpose  of  decrying  the  steam  loco- 
motive.   I  share  the  general  opinion  that  the  locomotive  is,  having 
regard  to  the  purposes  to  which  it  is  placed,  and  the  conditions  under 
which  it  has  to  work,  a  marvellous  piece  of  mechanism.    It  is  not, 
having  regard  to  these  conditions,  an  extravagant  power  producer,  and 
no  such  suggestion  has  been  made,  but  at  the  same  time  there  can  be 
no  question  that  it  is  more  costly  than  would  be  electric  traction. 


M6         LAXGDON  :  STEAM    l\  ELECTRIC  LOCOMOTIVE. 

^5/^^^^^  Electrical  SysUm, — ^The  object  of  my  paper  was  to  consider,  pro- 

vided main  lines  of  railway  could  be  worked  by  electricity,  whether  such 
a  mode  of  working  would  be  attended  with  economy.  For  this  purpose 
it  was  necessary  to  assume  an  electrical  service.  In  this  spirit  I  outlined 
a  plant  which  I  thought  suitable  for  that  purpose.  Purposely  I  drew 
the  efficiencies  of  that  plant  wide,  nor  did  I  attempt  to  crimp  the  sta£F, 
or  other  charges  in  connection  with  the  working  arrangements.  A 
certain  sum  was  allotted  as  the  cost  of  the  plant,  cables,  etc,  and  if  this 
sum  is  fairly  sufficient  for  the  purpose  it  is  scarcely  material  to  the 
object  in  view  whether  the  scheme  outlined  by  me  is  the  best  that 
could  be  devised  or  not  I  believe  it  would  be  found  adequate,  but  it 
is  worth  while  observing  that  any  increase  in  the  capital  outlay  would 
scarcely  affect  the  annual  charges  beyond  those  required  to  cover 
interest  and  depreciation.  While  penning  these  remarks  my  attention 
is  drawn  to  the  details  of  the  Albany  and  Hudson  Electric  Railroad — a 
line  of  some  37  miles,  the  electrical  equipment  of  which  is  much  the 
same  as  that  outlined  in  my  pap>er ;  the  potential  difference  of  the 
primary  current  being,  however,  12,000  instead  of  10,000.  The  service 
current  is  the  same,  viz.,  600  volts.  The  contact  conductor  rail  is  out- 
side the  traffic  rails,  and  is  protected  by  timbers  on  either  side  of  it,  so 
that  accidental  short  circuits  or  shocks  to  workmen  may  be  avoided. 
The  New  York  Manhattan  Elevated  Railroad  is  also  adopting  the  out- 
side position  for  the  contact  rail. 

My  paper  was  read,  not  for  the  purpose  of  advertisement,  or  to  serve 
any  personal  interest  whatever,  but  that  the  subject  with  which  it  dealt 
might  be  discussed,  and,  if  shown  to  be  in  any  portion  erroneous,  that 
the  errors  might  be  discovered.  Having  no  precedent  much  has  had  to 
be  assumed,  and  hence  my  desire  that  the  charges  applicable  to  elec- 
tricity should  not  be  too  narrow,  or  that  I  should  take  into  account 
every  source  of  saving  which  would  attend  its  use.  Perhaps  I  am  wrong 
in  assuming  that  where  my  deductions  have  been  questioned  it  would 
have  been  but  fair  that  those  who  questioned  them  should  have  fur- 
nished what  they  believed  would  prove  more  accurate.  Whether,  in  the 
event  of  electricity  proving  of  service  for  railway  work  the  plant  I  have 
so  roughly  sketched  out  for  comparison  purposes  is  suitable  or  not,  there 
can  be  little  doubt  that  neither  it  nor  any  other  scheme  would  be 
accepted  without  very  careful  consideration  on  the  part  of  the  company 
about  to  make  use  of  it.  My  effort  has  been  to  show  that  when  the  time 
arrives  for  such  an  investigation  it  may,  from  an  economical  and  national 
point  of  view,  be  undertaken  with  every  prospycct  of  advantage. 

The  remarks  of  Mr.  Mark  Robinson  with  regard  to  the  power  of 
the  steam  unit  to  be  used,  and  his  observations  on  fast  versus  slow 
speed  engines,  will  be  read,  I  am  sure,  with  much  interest.  His 
observations  on  the  propriety  of  working  the  section  of  line  by  five 
local  generating  stations,  rather  than  by  five  substations  served  from 
one  central  generating  station,  merit  every  consideration,  although, 
personally,  I  regard  the  scheme  suggested  in  the  paper  as  in  many 
respects  more  advantageous.  My  verbal  remarks  on  this  point  were  so 
hurried,  that  I  feel  I  failed  to  do  justice  to  the  economical  advantages 
^hich  should,  it  appears  to  me,  attend  a  central  and  substation  scheme. 
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These  lie  almost  entirely  in  its  flexibility.  A  variable  load  in  the  sub-  Mj"- 
sections  affects  very  little,  if  at  all,  the  output  from  the  generating 
station.  The  generating  station  has  to  meet  the  whole  demand,  and  if 
this  demand  is  centred  all  in  one  sub-section,  or  distributed  equally 
throughout  the  whole  of  the  sections,  it  is,  as  a  load-factor,  immaterial. 
In  the  case  I  take,  that  load  is  the  14  trains  per  hour.  The  load  being, 
so  far  as  the  generating  station  is  concerned,  fairly  constant,  there  is  no 
waste  in  coal,  water,  or  labour.  Local  generating  stations  would  effect 
a  saving  in  high-tension  cables  and  in  transformers,  but  the  equipment 
of  each  station  would  be  more  costly ;  for  each  station  must  have  at  least 
a  spare  set  of  generators,  and  unless  each  lo-mile  section  so  served  were 
filled  with  trains,  so  as  to  establish  a  constant  demand,  the  result  would 
be  a  much  lower  load-factor.  The  capital  outlay  would  probably  be 
less,  and  the  electrical  efficiency  would  be  higher.  A  number  of  short 
sections  thus  locally  served  would  possibly  afford  greater  security 
against  failure  of  machinery,  but  it  would  be  at  the  cost  of  economy. 
All  these  are  points  which  will  necessarily  demand  attention  when  an 
absolute  proposition  is  ripe  for  consideration.  The  governing  factor 
should,  to  my  mind,  be  the  load-factor — such  a  section  of  line  as  would 
insure  a  constant  output. 

Attention  has  been  directed  to  the  advantages  of  polyphase  systems. 
A  polyphase  system  would  appear  to  be  objectionable.  In  the  first 
place,  because  it  would  entail  the  use  of  two  conductor  or  contact  rails 
which,  at  junctions  and  crossings,  would  prove  extremely  difficult,  if 
not  quite  inadmissible ;  and  in  the  second  place,  on  account  of  its  speed- 
rigidity — its  inability  to  admit  of  acceleration  of  speed.  Railway 
companies  have  for  years  beep  gradually  increasing  the  speed  of  their 
trains,  and  any  electrical  system  that  may  come  into  use  must  t>e 
such  as  will  admit  of  this  acceleration  if  called  for,  and  also  afford  as 
large  a  diversity  of  speed  in  the  movement  of  trains  as  is  at  present 
enjoyed.  A  mixed  traffic  has  to  be  dealt  with,  and  this  cannot  be 
disregarded.  A  passenger  train  differs  from  goods  and  mineral  trains 
in  that  each  vehicle  is  supplied  with  brake-power  which  enables  the 
train  to  be  stopped,  if  necessary,  practically  in  its  own  length ;  the 
brake-power  of  goods  and  mineral  trains  is,  however,  limited,  and  they 
can  only  travel  at  a  speed  regulated  by  the  command  which  the  brake 
can  exercise.  Climatic  conditions  largely  affect  the  speed  and  opera- 
tions of  trains  on  overland  railways.  In  dense  fogs  all  traffic  becomes 
congested,  and  the  movement  and  speed  of  the  trains  has  to  be 
subordinated  to  the  conditions  which  prevail.  A  predetermined 
speed,  which  must  be  rigidly  observed,  would,  I  fear,  entail  difficulties. 

Rolling  Stock  and  Permanent-way  Equipment, — It  was  with  some 
surprise  I  heard  Mr.  Sprague  comment  upon  the  difficulty  of  producing 
an  electric  locomotive  competent  to  deal  with  such  loads  as  are 
indicated  under  Table  IV.  The  more  so  as  I  had  in  my  mind  an 
electric  locomotive  built  by  the  General  Electric  Company  for  the 
Baltimore  and  Ohio  Railway  Company,  for  the  purpose  of  dealing  with 
heavy  traffic.  I  believe  I  am  correct  in  stating  the  details  of  this 
locomotive  to  have  been  announced  as  follows : — ^Weight  on  driving 
wheels,  96  tons.     Draw-bar  pull,  42,000  lbs. ;  starting  ditto,  60,000  lbs. 
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Siigdon.       Diameter  erf  driving  wheels,  62  in.    Length  overall,  35  ft.    Propelling 
power  4  motors,  each  rated  360  H.P. 

It  is  quite  true  that  large  electric  locomotives  have  not  been  built 
to  travel  at  speeds  of  50  miles  or  more,  but  I  believe  this  to  be  simply 
because  there  has  not  been  a  demand  for  them.  Electricity  where 
employed  for  railways  has  not  been  used  in  what  may  perhaps  be 
termed  bulk  ;  it  has  been  confined  to  comparatively  light  trains — ^thc 
largest  and  heaviest  locomotives  employed  in  England  being  those  of 
the  Central  London.  And  in  all  these  it  is  probable  that  the  use  of  a 
heavy  locomotive  has,  for  obvious  reasons,  been  rather  shunned  than 
encouraged.  One  would  imagine  that  no  difficulty  in  ventilation,  con- 
struction, or  speed  would  attend  the  production  of  whatever  is  required 
so  long  as  it  does  not  exceed  in  space  the  structure  gauge  of  the 
railway  upon  which  it  is  required  to  travel,  and  as  it  does  not  exceed 
the  safety  impact  allowed  for  the  structures  over  which  it  has  to  travel. 
Main  overland  railways  have  a  permanent  way  far  less  liable  to  the 
effects  of  vibration  than  underground  lines. 

Some  stress  has  been  placed  upon  the  propriety  of  appl3ring  the 
motors  to  the  carriages  instead  of  employing  an  electric  locomotive. 
Main-line  traffic,  embracing  goods  and  mineral  trains,  can  only  be 
worked  by  the  latter. 

It  is,  as  I  intimated  in  the  concluding  portion  of  the  paper,  in  the 
arrangements  to  be  adopted  for  the  distribution  and  collection  of  the 
current  that  the  greatest  difficulties  will  be  encountered.  No  doubt, 
had  time  admitted  of  the  continuation  of  the  discussion,  reference 
would  have  been  made  to  this  branch  of  the  subject.  As  it  is,  the 
matter  has  passed  unobserved,  and  yet  in  it,  so  far  as  can  be  seen  at  the 
present  moment,  there  is  cause  for  the  greatest  consideration. 
Hitherto,  where  electric  energy  has  been  the  power  employed,  it  has 
been  conveyed  by  overhead  conductors,  or  where  a  contact  rail  has 
been  used,  it  has  been  in  those  cases  only  where  the  line  of  railway  is  not 
open  to  trespassers.  With  overland  railways  the  intrusion  of  irrespon- 
sible people  can  no  more  be  insured  against  than  rain,  snow,  or  flood. 
With  all  large  railways  an  overhead  conductor,  or  a  structure  for  the 
purpose,  is,  it  is  to  be  feared,  impossible.  If  the  current  has  to  be 
collected  from  a  conductor  on  the  ground,  it  appears  that  the  conductor 
must  be  arranged  practically  on  the  same  level  as  the  railway  metals, 
or  very  little  above  them.  It  must  be  protected  in  some  manner  to 
avoid  accidental,  and,  if  possible,  intentional  short-circuits.  Assum- 
ing that  this  may  be  accomplished,  its  position  in  relation  to  the  railway 
metals  next  demands  attention.  If  laid  on  the  sleepers  which  carry  the 
railway  metals,  difficulties  will  probably  arise  in  executing  repairs  to 
the  running  roads.  It  would  therefore  appear  desirable  that  it  should 
be  entirely  dissociated  from  them.  This  again  will  necessitate  the  use 
of  a  flexible  collector,  for  if  the  contact  rail  is  dissociated  from  the 
sleepers  which  support  the  railway  metals,  it  will  be  necessary  to  ensure 
for  it  a  position  relative  thereto. 

Although  it  has  been,  I  believe,  fully  demonstrated  that  the  current 
can  be  collected  from  such  a  contact  rail  at  a  speed  of  60  to  70  miles  an 
hour,  further  experiments  dealing  with  maximum  quantities  of  current 
might  with  advantage  be  undertaken. 
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Sections  of  line  subject  to  floods  could  only  be  dealt  with  by  raising  ^- 
the  line  above  the  flood  level — probably  not  a  very  costly  matter,  and, 
moreover,  a  proceeding  desirable  from  other  points  of  view. 

Conclusion, — In  concluding  these  remarks  I  feel  it  desirable  that  I 
should  emphasise  the  fact  that  the  purpose  of  this  paper  has  been  to 
show  that,  prima  facie^  there  are  grounds  for  assuming  that,  when 
those  impediments  which  now  exist  have  been  overcome,  the  con- 
templated change  will  not  be  attended  with  pecuniary  loss,  but  that 
on  the  contrary,  it  may,  and  probably  will,  be  accompanied  by  many 
advantages.  As  a  step — the  first  step — towards  this  it  has  been  neces- 
sary to  compare  the  cost  of  the  possible  new  agent  with  that  of  the 
present.  In  doing  so  I  have  drawn  two  comparisons  with  the  cost 
incurred  under  the  steam  locomotive.  One  with  the  average  yearly 
cost  for  a  period  of  24  years ;  the  other  with  that  for  1899.  It  is 
evident  that  in  criticising  my  deductions  the  fact  that  my  comparison 
was  not  confined  to  the  cost  for  the  "average"  period  has  been 
overlooked.  Those  deductions  show  the  assumed  cost  of  electricity  at 
7*021 ;  steam,  for  the  average  of  24  years,  at  8*943,  ^^^  ^^^  1899,  at 
io*2x8  pence.  Now  assuming,  for  the  purpose  of  argument,  that  the 
formula  which  has  been  so  much  discussed,  but  which  has  at  last  been 
practically  confirmed,  is  not  sufficiently  high  so  far  as  it  applies  to  goods 
and  mineral  trains,  it  can  but  afFect  the  electrical  charges  to  a  very 
slight  extent ;  it  cannot,  for  instance,  double  them.  But  suppose  the 
generating  charges  are  doubled,  there  will  still,  in  comparison  with  the 
"  average  "  yearly  cost  of  steam,  remain  a  balance  in  favour  of  electricity ; 
and  of  practically  a  penny-halfpenny  per  mile  (or  some  ;£27 1,583),  on 
the  1899  comparison,  i,e,,  without  deductions  for  contingencies  I  Add 
to  this,  as  has  more  than  once  been  commented  upon  by  those  who 
have  participated  in  the  discussion,  the  fact  that  the  efficiencies  upon 
which  the  output  of  electrical  power  is  based  are  low ;  that  all  trains 
have  been  regarded  as  loaded  trains;  that  more  than  the  hourly 
average  number  of  trains  are  embraced  by  my  calculations  ;  that  the 
cost  of  repairs  and  renewals,  as  set  forth  by  me,  are  deemed  excessive  ; 
and  add  to  this  many  other  obvious  savings  such  as  the  painting  of 
f  stations,  the  redecoration  of  coaches,  the  saving  in  the  abolishment  of 
isolated  plants,  and  I  doubt  if  there  will  be  many  who  will  condemn 
me  for  having  overstated  the  case  for  electricity. 

The  position  I  have  assumed  for  electricity  is  necessarily  somewhat 
hypothetical.  The  question  is.  Is  it  reasonably  fair?  It  has  been 
pointed  out  that  the  electrical  service  has  been  framed  to  meet  only 
the  average  hourly  train  service  as  ascertained  by  Tables  II.  and  III., 
and  that  occasions  must  arise  when  this  will  be  exceeded.  This  will 
undoubtedly  be  so,^  but  my  reason  for  selecting  the  section  of  line 
indicated  was  that  it  was  a  busy  line — a  section  of  line  that  might  be 

'  Since  the  reading  of  this  paper  I  have  obtained  from  the  stations  named 
a  return  of  the  greatest  number  of  trains  passing  those  points  on  anyone  day. 
Here  are  the  figures  : — 

Luton,  January  25th    297  =  12*4  per  hour. 

Harpcnden,  August  4th  331  =  138  per  hour. 

The  basis  taken  iu  the  paper  was  14  per  hour. 
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Mr.  truly  regarded  as  a  full  line,  and  that  it  might,  consequently,  be  looked 

•  ^*^*  upon  as  worked  up  to  its  full  capacity.  Obviously,  however,  if  there 
were  more  trains — provided  electricity  is,  per  train-mile,  less  costly  than 
steam — ^the  greater  the  number  of  trains  and  consequently  the  greater 
the  mileage,  the  greater  would  be  the  saving.  It  might,  and  probably 
would,  mean  an  increased  capital  outlay — ^an  increase  in  interest  charge 
and  repair — ^to  be  met  by  the  additional  saving  on  the  additional  mileage 
run. 

One  or  two  members  have,  in  their  observations,  expressed  some 
difficulty  in  following  mc  in  regard  to  the  number  of  trains  per  hour 
which  I  have  accepted.  My  calculations  are  based  upon  the  kilowatt- 
hour  for  the  power  to  be  generated ;  upon  the  power  shown  to  be 
required  for  dealing  with  one  hour's  traffic ;  and,  for  the  purpose  of 
comparing  electric  with  the  steam  charges,  with  the  train-mileage  ac- 
complished in  the  hour.  The  number  of  trains  passing  any  one  point 
on  the  length  under  observation  in  the  twenty-four  hours  may  surely  be 
taken  as  the  number  for  the  day.  I  have  taken  two  points.  The  number 
of  trains  was  287  in  one,  297  in  the  other.  The  greater  of  these  divided 
by  24  will  give  an  average  of  12*38  per  hoiu*.  I  have  taken  14  trains, 
which  14  trains,  as  I  show,  should  travel  479  miles  in  the  hour.  I  am 
afraid  I  cannot  put  it  clearer.  I  did  try  to  collect  and  tabulate  the 
times  of  trains  passing  several  points,  but  it  became  too  complicated  to 
be  dealt  with  in  such  a  paper.  Perhaps  it  would  render  my  reasoning 
clearer  if  my  critics  in  this  instance  would  assume  either  of  the  returns 
as  applicable  to  one  end  of  the  section — say  Bedford.  Thus  for  the 
twenty-four  hours  there  would  be  297  trains  in  all  arriving  or  departing, 
and  jVth  oi  this  number  would  be  the  average  hourly  number  of  trains 
for  the  period. 

It  has  been  stated  that  the  mere  cost  of  shunting- work  would  more 
than  absorb  the  £50,000  set  apart  for  contingencies.  Surely  those  who 
advance  these  arguments  lose  sight  of  the  fact  that  much  of  the  cost  for 
shunting  lies  in  the  time  the  engine  is  doing  no  work.  Should  it  ever 
transpire  that  the  work  of  shunting-yards  can  be  worked  electrically,  a 
great  saving  in  this  respect  should  attend  it. 

It  is  primarily  to  main-line  working  that  I  have  addressed  myself. 
Several  speakers  have  intimated  that  electrical  traction  will  first  be 
employed  on  the  branch  lines.  There  are,  no  doubt,  branch  lines  the 
locality  of  which  would  largely  benefit  by  more  frequent  train  facilities ; 
but  we  have  to  bear  in  mind  that  the  majority  of  branch  lines  have  been 
established  to  secure  connection  with  the  main  line,  and,  consequently, 
that  the  traffic  thereon  must  be  largely  dependent  upon  the  main-line 
service.  If  electricity  can  be  employed  for  branch  lines,  why  not  for 
main  lines  ?  Presumably  the  only  reason  is  the  large  power  demand 
required  for  the  latter.  The  electrical  system  employed  must  be  identi- 
cal— that  which  serves  the  one  must  also  serve  the  other.  Branch  lines 
will  be  most  economically  served  as  a  part  of  a  main-line  installation  ; 
that  is  manifest.  Those  difficulties  that  attend  main-line  working  will 
also,  although  in  a  less  degree,  attach  to  branch-line  working,  and  as 
it  is  in  the  operation  of  the  former  that  the  greatest  advantages  and 
economics  will  arise,  it  is  towards  its  accomplishment  that  efforts  should 
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be  directed.  Apparently  what  is  required  is  a  safe  means  of  conveying  Mr. 
the  current  to  the  trains,  and  an  electric  motor  that  shall  perform  the 
functions  now  dispensed  by  the  steam  locomotive.  The  crux  of  the 
whole  question  would  seem  to  reside  in  the  mode  to  be  adopted  for 
the  distribution  of  the  current.  Any  difficulty  which  will  attend  the 
determination  of  the  site  of  the  conductor  rail,  or  the  means  for  collect- 
ing the  current,  is  not  likely  to  prove  so  serious  as  that  which  will 
accompany  the  provision  against  vicious  interference  with  the  former 
for  the  purpose  of  disorganising  the  traffic.  The  subject  is  one  which 
we  may  be  sure  will  claim  the  attention  of  inventors.  Legislation  may 
aid,  but  all  the  powers  of  the  law  will  not  prove  so  efficacious  as  a 
means  by  which  it  shall  not  be  possible,  or,  at  least,  by  which  it  shall 
be  so  difficult  to  tamper  with  it  as  to  render  it  not  worth  the  risk.  To 
protect  the  rail  from  accidental  interference  presents  no  difficulty. 
That  may  not  only  be  done,  but  in  the  doing  of  it  insulation  may  be 
aided.  It  is  the  malevolent  action  of  the  miscreant,  and  of  the 
mischievous,  which  has  to  be  guarded  against. 

,  Mr,  Alexander  Siemens,  in  directing  attention  to  the  title  of  the 
paper,  has  asked  how  the  trains  hauled  by  the  steam  locomotive  are  to 
l)e  dealt  with  at  that  point  from  which  the  traffic  has  to  be  conducted 
by  the  electric  locomotive. 

My  paper  aims  at  the  supersession  of  the  steam  locomotive — at  its 
replacement  by  the  electric  locomotive.  No  railway  company  would 
break  up  their  time  bill,  or  dislocate  their  service  in  the  direction  of  Mr. 
Siemens'  question  for  the  purpose  of  introducing  electricity.  The 
electric  locomotive,  to  compete  with  the  steam  locomotive,  must  be 
able  to  couple  on  to  a  train  and  haul  it  away  precisely  as  is  now  done 
by  the  steam  locomotive.  Section  by  section  of  a  railway  system  might 
then  become  converted  to  the  application  of  electrical  agency  without 
undue  sacrifice  of  material,  and  with  absolutely  no  inconvenience  to  the 
traffic. 

It  has  been  said  that  economy  will  not  prove  the  means  by  which 
railway  companies  will  be  induced  to  seek  the  aid  of  electricity  ;  that 
opposition — the  establishment  of  competing  lines — will  prove  the 
powerful  factor.  Whether  it  is  opposition  or  not,  economy  must  be 
the  agent  which  will  chiefly  operate.  Competition,  as  perhaps  may 
be  the  case  between  Manchester  and  Liverpool  ere  long,  means  loss 
of  traffic,  and  loss  of  traffic,  loss  of  revenue,  and  few  commercial 
institutions  can  prove  indifferent  to  that.  Electricity  will  no  doubt 
effect  many  changes  other  than  those  it  is  apparently  destined  to 
effect  in  relation  to  our  large  railway  systems. 

Very  heartily  do  I  tender  most  grateful  thanks  to  all  those  who  have 
taken  part  in  the  discussion,  or  otherwise  contributed  towards  the 
elucidation  of  the  question  dealt  with  by  me.  Although  I  think  I 
may  fairly  claim  to  have  substantiated  the  ground  assumed  in  the 
paper,  I  welcome  such  criticism  as  has  been  of  an  adverse  character. 
I  feel  that  it  is  well  that  every  possible  view  should  be  advanced  in 
order  that  those  who  may  desire  to  study  the  question  may  lose  sight 
of  no  point  which  may  be  material  to  a  fair  issue. 
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The  Three  Hundred  and  Fifty-Fourth  Ordinary  General 
Meeting  of  the  Institution  was  held  at  the  Institution 
of  Civil  Engineers,  25,  Great  George  Street,  West- 
minster, on  Thursday  evening,  December  13th,  1900, 
Professor  John  Perry,  F.R.S.,  President,  in  the  Chair. 

The  minutes  of  the  Ordinary  General  Meeting  held  on 
December  6th  were  read  and  confirmed. 

The  names  of  new  candidates  for  election  into  the 
Institution  were  announced,  and  it  was  ordered  that  they 
should  be  suspended. 

The  following  transfers  were  announced  as  having  tieen 
approved  by  the  Council,  viz. : — 

From  the  class  of  Associates  to  that  of  Members — 

Harold  William  Couzens. 

From  the  class  of  Members,  Northern  Society  of  Elec- 
trical Engineers,  to  that  of  Members,  Institution  of  Electrical 
Engineers — 

Llewellyn  Andrew. 

A  donation  to  the  Benevolent  Fund  was  announced  as 
having  been  received  since  the  last  meeting  from  Mr. 
Augustus  Stroh,  to  whom  a  vote  of  thanks  was  unanimously 
accorded. 

ON    RAPID  VARIATIONS   IN  THE  CURRENT 
THROUGH  THE  DIRECT-CURRENT  ARC. 

By  W.  DuDDELL,  Wh.  Sc,  Associate. 

It  may  be  thought  by  some  that  the  title  of  this  paper 
n  that  there  should  not  be  any 
through  a  direct-current  arc.  I 
once  that  I  simply  use  the  term 
ing  that  the  current  is  supplied  by 
nt  dynamo,  and  not  as  implying 
iarily  constant  in  value.  It  may 
it  by  Arc  1  do  not  mean  Arc  Lamp, 
:ribed  are  quite  apart  from  those 
echanisms. 
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The  effect  of  varying  the  current  through  the  direct- 
current  arc  very  slowly,  so  slowly  in  fact  that  the  carbons 
have  time  to  burn  into  shape  corresponding  to  each  value 
of  the  current,  has  been  investigated  by  many  experi- 
menters, but  it  is  to  Mrs.  Ayrton '  that  the  honour  belongs 
of  giving  a  complete  investigation  of  all  that  occurs  when 
any  of  the  variables  in  the  direct-current  arc  are  changed  in 
any  way.  The  other  extreme,  namely,  very  sudden  changes 
in  the  current,  has  also  been  investigated  by  Mrs.  Ayrton,^ 
thus  leaving  a  gap  in  the  experimental  evidence  as  to  what 
occurs  between  very  slow  variations  and  isolated  sudden 
changes  in  the  current. 

The  present  paper  is  an  attempt  partly  to  fill  this  gap  by 
giving  an  account  of  what  occurs  when  the  current  is 
periodically  varied  more  or  less  rapidly  over  a  range  which 
is  very  small  compared  with  the  mean  value  of  the  direct 
current. 

The  current  through  a  direct-current  arc  supplied  with 
power  from  any  circuit  may  vary  either  owing  to  changes 
taking  place  in  the  circuit,  such  as  variations  in  E.M.F. 
or  resistance,  or  owing  to  effects  in  the  arc  itself,  such 
as  hissing,  humming.  Although  any  variation  in  the 
current  naturally  entails  a  corresponding  change  in  the 
arc  itself,  it  will,  I  think,  be  found  convenient  to  classify 
the  observed  efifects  according  to  whether  the  primary  cause 
of  the  variation  is  in  the  arc  or  in  the  circuit  which  sup- 
plies it. 

PART  I. 

CAUSE  OF  THE  VARIATION  OF  THE  CURRENT  IN  THE 
CIRCUIT  SUPPLYING  THE  ARC. 

The  efifects  of  varying  the  current  may  be  divided  under 
four  heads,  viz.,  the  efifect  on  the  P.D.  between  the  terminals 
of  the  arc,  on  the  light  emitted,  on  the  shape  of  the  craters, 
and  on  the  vapour  column.  These  will  be  considered  in 
order.  I  shall  assume  in  all  cases  in  Part  I.  that  the  ampli- 
tude of%variation  of  the  current  from  the  mean  is  small, 
generally  much  less  than  lo  per  cent.,  and  that  the  arc 
experime  ited  on  is  neither  hissing  nor  humming. 

'  TAe  Electrician^  Vols,  zxxiv.,  xzxv.,  and  xxxvi. 
'  The  Electrician^  1895,  vol.  xxadv.,  pp.  471, 541. 
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Effect  on  the  Potential  Difference  produced  by 

Variations  of  the  Current. 

If  the  current  varies  very  slowly,  then  the  relation 
between  the  P.D.  current  and  length  is  that  given  by  Mrs. 
Ayrton's  curves.  Directly  the  rate  of  variation  is  increased 
so  that  the  carbons  have  not  time  to  burn  into  shape,  corre- 
sponding with  the  instantaneous  values  of  the  current,  the 
relation  will  be  changed,  and  it  is  conceivable  that  if  the 
rate  of  variation  were  high  enough  and  the  amplitude  small 
enough,  the  conditions  of  the  arc  would  in  no  way  be 
changed,  so  that  the  ratio  of  the  change  in  P.D.  to  the 
corresponding  change  in  current,  would  be  a  constant  and 
equal  to  the  true  resistance  of  the  arc.  I  shall  show  later 
that  this  assumption,  which  is  the  basis  of  several  experi- 
ments on  the  resistance  of  the  arc,  notably  those  by  Messrs. 
Frith  and  Rodgers,^  requires  a  much  higher  rate  of  variation 
of  current  than  they  employed. 

One  of  Mrs.  Ayrlon's  curves,  contained  in  a  letter  by 
Prof.  Ayrton  to  The  Electrician;^  illustrates  very  well  how 
the  connection  between  the  P.D.  and  current  depends  on 
the  rate  of  variation  of  the  latter.  This  curve  shows  that 
iht  first  effect  of  suddenly  increasing  the  current  through  a 
cored-solid  arc  3  is  to  cause  a  transient  rise  in  the  P.D. 
between  the  terminals  ;  the  effect  of  a  slow  increase  oj 
current  being,  as  is  well  known,  to  produce  a  decrease  in  the 
P.D.  This  first  transient  rise  in  the  P.D.  which  was  obtained 
with  a  cored-solid  arc,  was  also,  I  believe,  obtained  with  a 
cored  arc,  but  I  am  unaware  of  its  having  been  observed  for 
a  solid  arc. 

Thinking  that  this  might  be  due,  as  pointed  out  by 
Prof.  Ayrton,  to  the  extreme  quickness  of  the  phenomenon 
when  both  carbons  were  solid,  I  tried  to  record  the  transient 
rise  in  P.D.  for  the  solid  arc  by  means  of  an  oscillograph, 
the  sudden  increase  of  the  current  being  obtained  by  dis- 
charging a  condenser  through  the  arc.  ^This  experiment 
was  successful,  and  a  transient  rise  in  P.D,  was  observed, 
the  P.D.  and  current  increasing  together^  hut  only  for  about 

'  Proceedings  of  the  Physical  Society^  1896,  vol.  xiv.,  p.  307. 

"  The  Electrician^  1896,  vol.  xxxvii.,  p.  321. 

3  "  Solid,"  "  solid-cored  "  and  "  cored  "  arc  mean,  respectively,  ,vc  between 
two  solid  carbons,  between  one  solid  and  cored,  and  between  tw^)  cored  car!- 
bons ;  the  top  or  +  electrode  being  always  placed  first 
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y^^  second.  At  the  end  of  this  very  short  time  the  P,D. 
decreased  with  an  increase  of  current  in  the  ordinary 
way. 

If  it  can  be  assumed  that  during  this  first  ^^(^j^  second  the 
conditions  of  the  arc  are  not  changed,  then  the  solid  arc  has 
a  positive  resistance,  contrary  to  the  results  obtained  by 
Messrs.  Frith  and  Rodgers,  and  it  is  at  any  rate  evident  that, 
had  the  frequency  of  their  superimposed  alternating  current 
been  5,000  f\J  per  sec.  instead  of  250  (\j  per  sec,  the  sign 
of  the  resistance  as  obtained  by  them  would  have  changed, 
though  I  do  not  say  that  even  at  that  frequency  its  true 
value  would  have  been  obtained.  In  any  method  for 
measuring  the  resistance  of  the  solid  arc  which  depends  on 
the  change  in  the  P.D.  produced  by  a  change  of  current,  these 
changes  must,  therefore,  take  place  in  less  than  ^^oVo'  ^^*  ^" 
order  not  to  allow  the  arc  conditions  to  change  ;  results  to 
be  described  later  indicate  a  still  shorter  time. 

I  will  not,  however,  pursue  this  subject  any  further,  as  it 
would  unduly  extend  the  length  of  this  paper  to  include  a 
description  of  a  complete  series  of  experiments  on  the  resis- 
tance of  the  arc  which  I  have  recently  completed. 


Effect  on  the  Light  Emitted  produced  by  Varia- 
tions OF  THE  Current. 

It  is  well  known  that  the  light  of  the  arc  varies  when  the 
current  is  changed,  though  how  small  and  rapid  the  varia- 
tion in  current  may  be  and  yet  produce  a  perceptible 
change  in  the  light  does  not  seem  to  have  been  investigated. 
Professor  Fleming  and  Mr.  PetaveP  and  Mr.  Burnie^  have 
determined  the  instantaneous  values  of  the  light  and  current 
in  the  case  of  alternate-current  arcs,  and  have  found  that 
the  variation  in  light  roughly  follows  the  variation  of  the 
current ;  the  maximum  luminous  intensity  occurring 
about  j^Qjf  sec.  later  than  the  maximum  current.  Herr 
Gorges  3  has  also  noticed  that  the  variations  in  the  current 
due  to  the  teeth  on  the  armature  of  a  dynamo  produced 
an  appreciable  variation  in  the  light  at  the  rate  of  300  per 
second. 

'  Proaedings  of  thi  Physical  Society ^  1806,  vol.  xiv.,  p.  115. 

*  The  EUctriaoHj  1897,  vol.  xxxix.,  p.  849. 

3  ElectroUchmscfu  Ziitschri/t^  1895,  vol.  xvi.,  p.  548. 
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In  ord4:r  to  te«»t  how  rapid  and  how  small  a  variation  of 
the  current  from  the  mean  could  be  detected  in  the  Ught  of 
the  direct*current  arc,  I  arranged  an  arc  so^  that  its  image 
an  »een  through  a  central  slit  parallel  to  the  carbons  was 
projected  on  to  a  rapidly  falling  photographic  plate,  the 
instantaneous  value  of  the  current  being  recorded  simul- 
taneously on  the  same  plate  by  means  of  an  oscillograph. 
The  small  quick  variations  of  the  current  through  the  arc 
were  produced  by  passing  the  oscillatory  discharge  of  a  con- 
denser in  series  with  a  self-induction  through  it,  so  that  the 
arc  current  consisted  of  a  large  constant  part  on  which  was 
superimposed  a  small  ripple  which  died  away  after  a  few 
oscillations. 

By  this  method  1  find  that  in  an  8-ampere  solid  arc 
a  distinct  variation  is  produced  in  the  light  emitted  by  both 
the  -f  crater  and  the  vapour  column  when  the  amplitude  of 
the  variation  of  the  current  from  the  mean  is  only  3  per  cent, 
and  the  frequency  of  these  superimposed  variations  is  as  large 
as  4,300  r\J  per  sec.  At  this  frequency  the  variation  in 
light  became  indistinguishable  when  the  amplitude  of  the 
variation  of  the  direct  current  was  reduced  to  2  per  cent. 

Owing  to  the  difficulty  in  estimating  the  points  of 
maximum  density  in  the  band  on  the  plate  which  repre- 
sents the  light  emitted  in  consequence  of  the  smallness  of 
the  variation  of  the  current  and  therefore  of  the  light,  I 
was  unable  to  be  certain  whether  the  maximum  light  lags 
behind  the  maximum  current ;  ibut  if  it  does,  the  lag  is 
very  slight,  not  exceeding  xoS^j  sec.  for  an  8-ampere  solid 
arc. 

It  must  be  remembered  that  the  above  variations  of  light 
are  those  of  the  actinic  rays  which  afifect  the  photographic 
plate  ;  the  visual  rays  will  probably  vary  in  a  similar  manner, 
though  possibly  not  to  the  same  extent. 

Effect  on  the  Craters  produced  by  Variations  of 

THE  Current. 

Mrs.  Ayrton  tells  me  that  she  noticed  that  the  variations 
in  the  current  used  by  Messrs.  Frith  and  Rodgers,  who 
superimposed  an  alternating  current  of  0*5  to  I'o  ampere 
R.M.S.  value,  at  frequency  of  100  f\J  per  sec.  on  a  10- 
ami^erc  direct-current  arc,  so  altered  the  shape  of  the  ends 
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of  the  carbons  that  she  could  easily  distinguish  them  from 
normal  carbons  formed  without  any  variation  in  the  current. 
I  find  that  if  the  superimposed  alternating  current  be  reduced 
to  O'l  ampere  under  the  same  conditions,  the  ends  of  the 
carbons  appear  unaffected. 

Effect  on  the  Vapour  Column  produced  by  Varia* 

tions  of  the  current. 

SOUNDS. 

Corresponding  with  each  value  of  the  current  through 
the  arc  there  is  probably  a  definite  cross-section  of  the 
vapour  column,  so  that  if  the  current  varies  rapidly 
through  an  arc  of  fixed  length,  the  volume  of  the  vapour 
will  also  vary  and  sound-waves  will  be  given  out.  This,  I 
believe,  is  the  generally  accepted  explanation  of  the  hum- 
ming of  the  alternate-current  arc. 

In  the  case  of  the  direct-current  arc,  sounds  are  also 
emitted  even  when  the  variations  in  the  current  are  very 
slight.  For  example,  the  variation  of  current  caused  by  the 
commutator  segments  of  a  direct-current  dynamo  passing 
under  the  brushes  can  be  heard  in  the  arc.  This  variation 
of  the  current  caused  by  the  commutator  segments,  even 
when  in  good  condition,  was  found  by  Messrs.  Frith  and 
Rodgers » in  the  case  of  a  5  k.w.  two-pole  machine  to  vary 
between  2.5  and  9  per  cent,  of  the  mean  current  according 
to  the  position  of  the  brushes. 

Another  striking  example  of  how  sensitive  the  arc  is  to 
small  variations  in  the  current  is  furnished  by  the  fact  that  a 
Wehnelt  interrupter,  working  an  induction  coil  on  the 
direct-current  street  mains,  will  cause  any  arc  supplied  by 
the  same  mains  to  give  out  the  same  noise  as  the  interrupter 
itself,  even  when  a  considerable  distance  intervenes  between 
the  place  where  the  arc  is  connected  with  the  mains,  and 
where  the  interrupter  and  coil  are  joined  on,  as  observed  by 
Herr  Simon,^  Mrs.  Ayrton,  and  Mr.  Jervis  Smith.3 

It  must  be  clearly  understood  that  the  arcs  here  referred 
to  are  normal  silent  arcs  ;  that  is,  if  they  were  supplied  with 


*  Proceedings  of  the  PkysUal  Society,  1896,  vol.  xiv.,  p.  307. 
"  Annalen  der  Physik  undder  Chemie,  1898,  vol.  Ixiv.,  p.  233. 
^  The  Electrician,  1899,  vol.  xliv.,  p.  16. 
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a  really  steady  current  they  would  have  been  practically 
silent.' 

In  order  to  determine  what  variation  in  the  current  was 
necessary  to  cause  the  arc  to  emit  a  clearly  audible  note,  the 
current  from  a  high-frequency  alternator,  kindly  lent  by  Sir 
D.  Salomons,  was  superimposed  on  the  direct  current  by  the 
method  shown  in  Fig.  i.  The  current  from  the  alternator 
passes  through  a  condenser  F,  a  dynamometer  D,  and  the 
arc  in  series ;  and  it  is  practically  prevented  from  flowing 
through  the  cells  which  supply  the  arc  by  the  self-induction 
L.  The  direct  current  is  prevented  from  flowing  through 
the  alternator  by  the  condenser  F. 


WW — W — (2> 


<s> 


Arc 

] 


Fig.  I. 


It  was  found  by  this  means  that  a  lo-ampere  direct 
current,  solid  or  cored  arc,  length  3  to  5  mm.,  would 
produce  a  distinct  note  even  if  as  small  a  R.M.S.  current 
as  j^Qf^  ampere,  as  measured  by  D,  was  superimposed  on 
the  direct  current  for  frequencies  of  the  added  current  from 
a  few  hundred  up  to  8,000  (\j  per  second.  Thus  a  varia^ 
Hon  of  the  order  of  i  part  in  10,000  from  the  mean  current 
will  alter  the  vapour  column  sufficiently  to  produce  sound- 
waves. 

Further  experiments  with  another  alternator  and  R.M.S. 
superimposed  currents  of  ^  to  ^  ampere  on  a  lo-ampere 
solid  arc,  proved  that  the  sounds  only  became  inaudible  at 
frequencies  approaching  30,000  pj  per  second. 

*  Absolute  silence  is  almost  impossible,  as  the  least  want  of  homogeneity, 
or  impurity  in  the  electrodes,  causes  small  spits  and  sounds. 
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At  these  frequencies  I  am  uncertain  whether  the  arc  had 
really  ceased  to  give  a  note,  as  the  ear  fails  to  detect  sounds 
of  so  high  a  pitch. 

This  sensibility  of  the  arc  for  very  small  changes  in  its 
current  explains  the  fact  that  not  only  can  rapid  variations 
of  current  in  any  circuit  supplied  from  the  same  generator 
as  the  arc  be  heard  in  the  arc,  but  also  \'ariations  of  current 
which  occur  in  a  totally  independent  circuit  supplied  by  a 
separate  generator  can  be  detected  in  the  arc  due  to  mutual 
induction  between  the  two  circuits. 

Arc  as  a  Telephone  Receiver. 
The  fact  that  the  arc  is  sensitive  to  such  small  variations 


Arc 

I 


Fl6.   2. 


in  the  current  and  over  such  a  wide  range  of  frequency,  at 
once  suggests  that  the  direct-current  arc  might  be  used  as  a 
telephone  receiver.  This  suggestion,  which  was  made  in  a 
leader  of  The  Electrician  in  1899,  had  already  been  carried 
out  by  H.  Simon  ^  in  1898. 

The  method  used  by  H.  Simon  for  superimposing  a 
microphone  current  on  the  main  arc  current  is  shown  in 
Fig.  2,  in  which  A  and  B  are  two  coils  having  mutual  induc- 
tion, and  M  the  microphone.  The  current  through  A  varies 
when  M  is  spoken  into  and  induces  E.M.F.'s  in  B,  which 
vary  the  current  through  the  arc  in  such  a  way  that  it 
reproduces  sounds  and  even  speech  distinctly. 

'  4nmnien  dtr  Physik  und  der  Cheffne^  1898,  vol.  bdv.,  p.  233. 
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The  variation  of  the  current  through  the  arc  obtained  by 
this  method  is  not  as  large  as  it  might  be,  as  the  E.M.F.'s 
induced  in  B  have  to  send  currents  round  the  whole  arc 
circuit,  including  any  steadying  resistances,  and  also  through 
the  self-induction  in  the  armature,  if  a  dynamo  is  used, 
instead  of  only  through  the  arc  where  the  varying  currents 
are  actually  required.  I  have  obtained  a  better  result  by 
replacing  the  alternator  of  Fig,  i  with  a  microphone  and 
mutual  induction  as  shown  in  Fig.  3.  A  and  B  are  the 
two  coils  of  a  mutual  induction,  F  a  condenser  of  about  two 
or  three  microfarads,  and  L  a  high  self-induction,  the  object 
of  the  self-induction  being  to  prevent  the  microphone 
currents  flowing  round  the  cells  instead  of  through  the 
arc. 

With  this  arrangement  and  suitable  arc  conditions,  to  be 
explained  later,  the  arc  will  speak  sufficiently  loudly  and 
clearly  to  be  heard  at  a  distance  of  10  (0  12  feet  in  a  quiet 
room.  [Experiment.]*  The  sound-waves  given  out  by  the  arc 
are,  therefore,  of  such  an  intensity  that  when  the  energy  is 
spread  over  a  spherical  surface  of  20  feet  diameter,  the  ear 
placed  at  any  point  can  hear  speech  distinctly.  It  seems 
probable  that  if  all  the  energy  available  could  be  collected 
and  concentrated  on  the  ear,  very  powerful  sound-sensations 
might  be  produced. 

The  loudness  of  the  sounds  given  out  by  the  arc  is 
increased  by  lengthening  the  arc,  as  this  increases  the 
volume  of  the  vapour  column  which  emits  the  sounds. 
It  would  also  seem  as  if  increasing  the  main  current 
which  increases  the  cross-section  of  the  arc  should  also 
be    beneficial,    but    experimentally    1     have     not    found 
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any  appreciable  gain.  The  best  results  have  generally 
been  obtained  with  a  current  of  lo  to  12  amperes, 
carbons  11  to  13  mm.,  and  an  arc  length  of  20  to 
30  mm. 

To  obtain  these  long  lengths  with  ease,  it  is  necessary  to 
use  cored  carbons  or  some  other  means  of  introducing 
foreign  bodies,  such  as  salts  of  potassium  and  sodium,  into 
the  arc,  for  there  is  not  much  doubt  that  the  stability  of  the 
arc  between  ordinary  cored  carbons  is  due  to  the  presence 
of  potassium  silicate  in  the  core.'  (See  also  Appendix  I.) 
These  salts  may  be  introduced  either  by  soaking  the  carbons 
in  their  solutions,  or  by  using  them  as  cores.     Mr.  Jervis 


Fig.  3. 


Smith  has  recommended  the  insulator  glass  as  a  core,  which 
I  find  works  well. 


Arc  as  a  Telephone  Transmitter. 

Before  leaving  the  subject  of  the  use  of  the  arc  as  a 
telephone,  it  will  be  convenient  to  consider  its  use  as  a 
telephone  transmitter,  though  this  subject  strictly  belongs  to 
Part  II.  of  this  paper. 

H.  Simon  found  that  if  he  replaced  his  microphone  in 
Fig,  2  by  a  telephone  receiver,  any  sounds  made  near  the 
arc  were  heard  in  the  receiver.     In  this  case,  as  before,  I  find 

'  See  Duddell  and  Marchant,  Proceedings  of  the  Institution  of  Electrical 
Engiiuers^  1899,  vol.  xxviii.,  p.  66;  Blond  el,  InterncUional  Congress  of  Electricity^ 

Paris,  1900, 
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it  preferable  to  modify  his  method  by  connecting  the 
receiver  in  series  with  a  condenser  between  the  terminals  of 
the  arc,  as  in  Fig.  4. 

A  sound-wave  striking  the  arc  may  affect  it  in:two  ways, 
either  by  vibrating  the  arc  as  a  whole  and  varying  its  length, 
or  the  waves  of  condensation  and  rarefaction  may  alter  the 
cross-section  of  the  arc :  both  of  these  effects  will  tend  to 
alter  the  apparent  resistance  of  the  arc,  and  hence  vary  the 
current  through  it. 

The  sounds  obtained  in  the  telephone  receiver  when 
using  the  direct-current  arc  as  a  transmitter  are  not  generally 
very  satisfactory,  as,  besides  not  being  very  loud,  they  are 
obscured  by  the  extraneous  sounds  due  to  the  small  spits 
and  hisses  which  occur  in  the  arc  each  time  the  air  gets  to 
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the  -f  crater  due  to  any  slight  defect  in  the  carbons.  If  a 
common  pair  of  carbons  be  used  containing  cracks  and 
impurities,  the  noise  in  the  receiver  is  sometimes  unbearable, 
although  there  is  no  outside  source  of  disturbance  of  the 
current  through  the  circuit. 

In  all  experiments  on  the  arc  as  a  telephone  transmitter 
or  receiver,  it  is  essential  that  the  current  generator  should 
be  free  from  rapid  variations,  or  extraneous  sounds  will  be 
produced.  If  a  dynamo  has  to  be  used,  then  the  variations 
of  the  current  produced  by  the  commutator  segments  may 
be  minimised  by  inserting  a  large  self-induction  in  series 
with  the  arc,  as  in  Figs,  i,  3,  and  4.  This  self-induction 
es  the  double  purpose  of  keeping  extraneous  variations 
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of  the  current  out  of  the  arc,  and  of  preventing  the  varia- 
tions we  desire  to  observe  from  being  dissipated  in  the 
source  of  supply. 

Thus  we  see  that  the  direct-current  arc  is  not  only  extremely 
semitive  to  small  variations  in  its  current  of  almost  any  fre- 
quency,  but  also  that  it  is  affected  by  such  small  changes  of 
outside  conditions  as  sound-waves  produce.  Whether  this 
sensibility  can  be  turned  to  useful  account  in  telegraphy  or 
telephony  remains  for  future  experiment  to  decide. 


PART  II. 
CURRENT  CAUSED  TO   VARY  BY  THE  ARC. 

Humming. 

Mr.  Trotter »  discovered  that  the  direct-current  humming 
arc  rotates,  including  a  coma-like  appearance  at  the  + 
crater,  and  he  also  found  that  the  current  through  the  arc 
varied  periodically,  the  frequency  of  these  variations  being 
the  same  as  the  pitch  of  the  humming  sound  produced,  and 
as  the  speed  of  rotation  of  the  arc. 

In  order  further  to  investigate  the  connection  between 
the  variation  of  the  light  P.D.  and  the  current,  I  have 
recorded  the  P.D.  and  current  by  means  of  an  oscillograph, 
the  humming  arc  experimented  on  being  used  as  the  source 
of  light  to  illuminate  the  oscillograph  mirrors.  The  arc  was 
so  inclined  that  only  the  light  from  the  +  crater  and  a  small 
part  of  the  vapour  column  reached  the  mirrors.  So  that  the 
density  at  any  point  of  the  lines  represents  the  photographic 
intensity  of  the  light  emitted  at  that  instant  in  the  direction 
of  the  mirrors  by  the  +  crater  and  part  of  the  vapour 
column,  and  the  distance  of  the  point  from  this  zero  line 
measures  the  P.D.  or  the  current  as  the  case  may  be.^ 

A  typical  example  of  the  variations  observed  in  the  hum- 
ming arc  is  given  in  Fig.  5,  from  which  it  will  be  seen  that 
the  P.D.  current  and  light  emitted  in  a  fixed  direction  vary 
in  a  regular  periodic  manner  with  the  same  frequency. 

The  variation  of  the  current,  which  is  about  6  per  cent. 

'  TJkc  EUctrtciaUt  1894,  vol.  xxxiii.,  p.  298. 

'  In  Figs.  5,  6,  and  7,  the  centre  line  is  not  the  zero  line,  but  represents 
20  amperes  and  40  volts. 
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from  the  mean,  is  not  sufficient  to  account  for  the  large 
variation  in  the  light  emitted  in  the  direction  of  the  mirrors. 
This  periodic  variation  of  the  light  is  most  probably  due  to 
the  fact  that  the  arc  rotates  so  that  the  +  crater  alternately 
either  supplies  light  to  the  oscillograph  mirrors,  or  is  pre- 
vented from  doing  so  by  being  on  the  other  side  of  the  + 
carbon.  The  periodic  time  of  the  variations  of  the  light 
will,  of  course,  be  unaffected  by  a  change  in  the  position 
from  which  the  arc  is  observed,  but  the  times  at  which  the 
light  maxima  occur  relatively  to  the  times  at  which  the 
current  is  a  maximum  will  depend  on  this  position. 

Tht4S  besides  the  rotation  of  the  humming  arc  and  the 
variation  of  the  current  observed  by  Mr.  Trotter,  I  find  that  the 
light  and  P.O.  vary  with  the  same  frequency,  so  that  in  the 
humming  arc  the  frequencies  of  the  rotation  of  the  arc,  and  of 
the  variations  in  the  P,D.  current,  and  light  emitted  in  a  given 
direction,  are  identical  with  the  pitch  of  the  note  given  out. 

Hissing. 

It  has  been  shown  by  Messrs.  Frith  and  Rodgers^  and 
by  Messrs.  Duddell  and  Marchant,^  that  when  a  direct- 
current  arc  supplied  from  a  constant  source  hisses,  the 
current  through  it  and  the  P.D.  between  its  terminals  vary 
rapidly;  and  M.  Blondela  and  Mr.  Brown 4  have  also  found 
that  the  light  emitted  varies. 

If  the  current  through  the  humming  arc  be  increased 
until  the  arc  hisses,  the  variations  in  P.D.,  current,  and  light 
change,  I  find,  in  a  most  striking  manner  from  the  regular 
periodic  variations  of  Fig.  5  to  the  very  irregular  variations 
shown  in  Figs.  6  and  7. 

In  spite  of  the  very  irregular  nature  of  the  variations, 
which  irregularity  is  not  surprising  in  view  of  Mrs.  Ayrton's 
explanation  of  the  cause  of  hissing  given  before  this  Insti- 
tution last  year,  I  think  that  they  can  be  separated  into  two 
kinds,  a  large  comparatively  slow  variation,  and  a  rapid 
superimposed  one.  The  light  given  out  is  alternately 
bright,  with  rapid  variations  in  intensity,  a  io  b  Fig.  6, 
and  dull  with  hardly  any  variations,  6  to  c  ;  the  slow  varia- 

*  Proceedings  of  iJU  Physical  Society^  1896,  vol.  xiv.,  p.  320. 

»  Journal  of  the  InHUution  of  Electrical  Engineers ,  1899,  vol,  xxviii.,  p.  86. 

3  La  Lumih-e  EUctr&aue^  i8q2,  vol.  xliii.,  p.  54. 

<  Physic M  J^eviev  p  210. 


1900.]  CURRENT  THROUGH   DIRECT-CURRENT  ARC.  245 

tion  of  the  light  corresponding  with  the  larger  variation  of 
the  current :  the  maximum  light  and  current  do  not,  how- 
ever, occur  simultaneously. 

In  view  of  the  explanation  given  in  the  case  of  the  hum- 
ming arc  that  the  large  variations  of  the  light  is  due  to  its 
rotation,  and  in  view  of  the  fact  that  the  hissing  arc  is  also 
probably  rotating,  as  pointed  out  by  Mrs.  Ayrton,  I  think 
that  the  larger  variations  of  P.D.,  current,  and  light  in  the 
hissing  arc  must  also  be  due  to  the  rotation  of  the  arc.  If 
this  is  the  case,  then  the  brighter  parts  of  the  curves  are 
produced  by  light  from  the  +  crater  and  the  rapid  varia- 
tions of  density  chiefly  present  in  these  parts  of  the  lines  are 
due  to  the  rapid  variation  of  this  light  from  the  +  crater. 
[Experiment.] 

Now  these  rapid  variations  in  the  light  correspond  with 
the  small  rapid  changes  in  the  current  and  the  P.D.,  so  that 
the  rapid  variations  of  P.D.  and  current  correspond  with  the 
variations  of  the  light  emitted  by  the  +  crater^  and  the  large 
slow  variations  with  the  rotation  of  the  arc  as  a  whole. 

Considering  one  of  the  larger  light  maxima,  say  from  a 
to  by  or  c  to  rf.  Fig.  6,  during  which  the  oscillograph 
mirrors  receive  the  light  from  the  +  crater  without  being 
obstructed  by  the  carbon,  it  will  be  seen  that  in  many  cases 
the  maximum  light  and  minimum  P.D.  occur  practically  at 
the  same  instant,  whilst  the  maximum  current  occurs  later 
than  the  light  maximum.  This  is  the  opposite  to  what 
occurs  when  the  current  through  the  arc  is  varied  by  any 
change  in  the  circuit,  for  in  this  latter  case  the  maximum 
current  occurs  before  the  light  maximum. 

The  periodically  recurring  sequence  of  events  in  the 
hissing  arc  is  thus  probably  as  follows,  putting  aside  the 
rotation  of  the  arc  as  a  whole.  Owing  to  the  crater 
becoming  too  large  for  the  end  of  the  +  carbon,  the  air 
obtains  access  to  the  crater  surface  as  found  by  Mrs. 
Ayrton,  the  oxygen  of  the  air  there  combines  with  the 
carbon,  causing  a  rise  of  temperature,  an  increase  of 
brilHancy,  a  drop  in  the  P.D.,  followed  very  slightly  later 
by  a  rise  in  the  current. 

I  think  that  the  above  observations  on  hissing  and 
humming  are  explained  by,  and  confirm,  the  fundamental 
nature  of  Mrs.  Ayrton's  discovery  of  the  cause  of  the 
hissing  of  the  arc. 
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itself;  and  if  the  blowing  be  continued,  the  arc  will  be 
extinguished  and  relight  itself  again  and  again  with  great 
rapidity,  giving  out  a  harsh  sound.  The  rapidity  of  these 
intermittances  may  be  very  great ;  M.  Blondel '  has  found 
them  to  be  as  high  as  3,000  to  4,000  per  second  in  the  case 
of  the  alternate-current  arc,  and  M.  Abraham  *  has  obtained 
100,000  per  second  in  the  case  of  the  flame  discharge. 

It  was  suggested  by  Professor  Fitzgerald  that  this  inter- 
mittance  of  the  arc  might  be  used  to  produce  some  high- 
frequency  alternating  current  which  I  required.  I  therefore 
tried  rendering  a  direct-current  carbon  arc  in  series,  with 
a  self-induction  intermittent  by  means  of  a  magnet.  With 
this  arrangement  the  rate  of  intermittance  was  irregular  and 
not  very  high,  probably  owing  to  the  E.M.F.  of  my  source 
of  supply  being  too  low,  although  E.M.F.'s  up  to  300  volts 
were  employed. 

In  order  to  try  and  overcome  this  irregularity,  I  con- 
nected a  condenser  (about  5  mf.)  between  the  terminals  of 
the  arc,  when  to  my  surprise  I  found  that  the  direct-current 
arc  was  intermittent  even  when  ttot  blown  in  any  apparent 
way  either  by  a  stream  of  gas  or  by  a  magnetic  field,  and 
further  that  no  self-induction  in  series  with  the  arc  was 
necessary. 

Here  then  was  a  puzzle — a  direct-current  solid  arc  burn- 
ing under  ordinary  conditions  with  resistance  in  series,  and 
supplied  with  current  from  accumulators,  became  inter- 
mittent and  gave  out  a  musical  note  on  simply  shunting 
the  arc  with  a  condenser. 

Leads  were,  of  course,  employed  to  connect  the  con- 
denser as  a  shunt  to  the  arc,  and  on  twisting  these  leads 
together  so  as  to  destroy  the  small  amount  of  self-induction 
which  they  possessed,  I  found  that  the  musical  note  stopped, 
to  be  started  again  on  separating  the  leads ;  and  on  inter- 
posing in  the  condenser  circuit  a  loose  coil  of  wire,  the 
sound  was  greatly  magnified.  Hence  the  true  statement  of 
the  facts  is  that  given  below.3 

•  La  Lumiin  tkitriqm,  1893,  vol.  xliii.,  p.  54. 

'  S0cUU  FroMfoisi  de  Pkysiqui,  **  Seances,"  1899,  ii.  p.  70. 

3  Note  {added  February  15/,  1901). — Since  writing  the  above  Professor 
Elihu  Thomson  has  written  to  me  and  to  Thi;  Electrician  pointing  out  that  he 
carried  out  practically  identical  experiments  as  early  as  1892,  and  patented 
this  method  tor  producing  Alternating  Currents.  I  regret  that  1  was  unaware 
of  these  experiments  at  the  time  of  writing  the  paper,  and  so  omitted  to  give 
Professor  Thomson  credit  for  them.  Professor  Thomson's  letter,  an  editorial 
note  un  his  patent  specification,  and  a  reply  from  me,  appear  in  The  Kleetrician 
for  January  18th,  1901,  vol.  xlv).,  p.  477. 
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Musical  Arc. 

A  direct-current  arc  of  suitable  length  and  current, 
between  solid  carbons,  will  give  out  a  musical  note  if  it  be 
shunted  with  a  condenser  in  series  with  a  self-induction,  as 
in  Fig.  9,  even  though  the  source  of  supply  of  the  current 
be  perfectly  constant  and  the  arc  be  protected  as  far  as 
possible  from  any  outside  cause  of  disturbance.  [Experi- 
ment.] 

I  find  that  the  musical  note  is  produced  by  oscillatory 
currents  flowing  in  the  circuit  composed  of  the  condenser 
F,  the  self-induction  L,  and  the  arc,  Fig.  9,  and  its  pitch 
is  determined    by   the   periodic  time  of  this  circuit — that 


V\/\A 


O^ 


1 
1 


Fig.  9. 


is,  on  the  relation  between  the  capacity,  self-induction,  and 
effective  resistance  of  the  circuit.  Neglecting  the  resistance, 
which  it  will  be  shown  later  must  be  small,  the  periodic 

■  ■■!■     ■        ■       ^ 

time  of  the  circuit  t  =  2  tt  >/  L.F.,  and  this  has  been  found, 
by  judging  the  pitch  of  the  note  by  ear,  to  be  approximately 
correct,  so  that  for  lecture  purposes  Kelvin's  law  can  by  this 
means  be  easily  demonstrated.    (See  Appendix  III.) 

It  must  be  remembered  that  although  we  have  an  alter- 
nate current  through  the  condenser  and  self-induction,  the 
source  of  supply  is  not  an  alternating  one,  and  that  it  is  the  arc 
itself  which  is  acting  as  a  converter  and  transforming  a  part 
of  the  direct  current  into  alternating^  the  frequency  of  which 
can  be  varied  between  very  wide  limits  by  altering  the  self- 
induction  and  capacitv.    The  upper  limit  I  find  to  be  about 
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10,000  f\j  per  second,  and  the  lower  limit,  if  such  exists,  is 
well  below  500  r\J  per  second. 

It  has  long  been  known  that  a  train  of  oscillations  of 
almost  any  frequency  can  be  obtained  on  discharging  a 
condenser  through  a  suitable  inductive  resistance,  but  of 
course  these  oscillations  have  a  rapidly  decreasing  ampli- 
tude ;  and  the  n^eans  of  supplying  energy  to  such  a  circuit 
so  as  to  maintain  ih€  amplitude  of  the  swings  constant,  other 
than  by  means  of  a  varying  source  of  power  having  the 
same  periodic  time  as  the  circuit,  has  been  wanting.  It  is, 
therefore,  necessary  to  inquire  under  what  conditions  it  is 
possible  for  the  arc  to  cause  the  source  of  direct  cumnt  to 
supply  the  energy  necessary  to  maintain  the  oscillations  in 
the  condenser  circuit  when  once  they  have  been  started. 

If  the  resistance  in  the  main  circuit  in  series  with  the 
arc  is  large,  and  if  S  V  be  a  small  instantaneous  change 
in  the  P.D.  between  the  terminals  of  the  arc,  S  A  the  corre- 
sponding small  change  in  the  current  through  it,  and  r  the 
resistance  of  the  condenser  circuit,  not  including  the  con- 
denser ;  then,  during  the  time  tliis  small  change  lasts, 
sufficient  energy  may  be  supplied  to  the  condenser  circuit 
to  make  up  for  the  energy  dissipated  there,  in  ohmic  losses, 
if  the  following  conditions  are  fulfilled  (see  Appendix 
II.)  :— 

8V 
I-  YAf  negative. 

S  V 
2.  j-T,  numerically  greater  than  r. 

The  question  is,  can  the  arc  fulfil  these  two  conditions  ? 
Messrs.  Frith  and  Rodgers  ^  have  experimentally  determined 

g  V 
the  value  of  5-7, ,  which  they  call  the  resistance  of  the  arc, 

g  V 
for  various  arcs,  and  they  found  that  while  g-^  was  always 

+  when  both  carbons  were  cored,  it  was,  on  the  contrary, 
always  —  when  both  carbons  were  solid  ;  and  that  it  was  as 
small  as  —  2  ohms  for  a  4-ampere  solid  arc.  Now  the 
resistance  of  the  condenser  circuit,  r,  external  to  the  con- 
denser, can  easily  be  made  less  than  2  ohms,  so  that  the 
arc  can  fulfil  both  the  necessary  conditions. 

•  Pr^etdings  of  th€  Physical  Society,  1896,  vol.  xiv.,  p.  307. 
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I  will  now  describe  some  observations  on  the  musical 
arc  which  tend  to  confirm  the  above  conclusions. 

8  V  . 
Arcs  between  solid  carbons  for  which   ^-^  is  always 

negative  work  well,  while  those  between  cored  carbons  for 

8  V 
which   ^-T   is  positive    I    find    will  not    work  under  any 

conditions.     [Experiment.] 

8  V 
The  largest  negative  value  of  ^-^  given  by  Messrs.  Frith 

and  Rodgers  is  2  ohms  for  a  4-ampere  solid  arc,  and  it  is 
probable  that  it  did  not  exceed  2*5  ohms,  for  the  smaller 
currents,  viz.,  3  to  3*5  amperes,  which  I  used.  According  to 
the  above  conditions,  2*5  ohms  should  be  the  limiting 
resistance  of  the  condenser  circuit ;  by  experiment  it  was 
found  that  when  the  resistance  of  this  circuit  was  increased 
to  2*4  ohms  the  oscillations  stopped  and  could  not  be 
restarted.     [Experiment.] 

It  is  evident  that  besides  the  resistance  there  are  other 
causes,  such  as  hysteresis,  which  tend  to  dissipate  the  energy 
in  the  condenser  circuit  and  stop  the  arc  giving  its  note. 
The  hysteresis  in  an  iron-wire  core  introduced  into  the  self- 
induction  will  instantly  stop  the  note.  [Experiment.]  Any 
complete  circuit  such  as  a  ring  of  wire  placed  near  the  self- 
induction  has  the  same  effect.     [Experiment.] 

On  several  occasions  before  the  importance  of  these 
causes  of  the  dissipation  of  the  energy  were  realised,  con- 
siderable trouble  was  experienced  in  facing  the  reason  of 
the  arc  failing  to  give  its  note.  As  examples,  in  one  case 
it  was  traced  to  an  ammeter  and  in  another  to  the  tinfoil 
in  the  condenser  which  were  acting  as  short-circuited 
secondaries  to  the  self-induction  coil,  which  had  been 
placed  too  near  them.     [Experiment.] 

The  relation  between  the  self-induction,  capacity,  and 
frequency  can  be  very  easily  demonstrated  by  playing  a  tune 
on  the  arc  by  varying  either  the  capacity  or  the  self-induction 
by  means  of  a  key-board.  [Experiment.]  (See  Appendix 
III.)  Another  method  of  varying  the  self-induction  is  by 
separating  or  bringing  closer  together  the  turns  of  the  coil, 
as  if  playing  on  a  concertina,  the  relative  positions  of  the 

ns  determining  the  self-induction  and  the  pitch  of  the 
The  musical  arc  can  be  used  as  a  means  of  com- 
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paring  self-inductions  or  capacities  by  comparing  the  pitch 
of  the  notes  produced. 

The  "  enclosed  arc  "  will  .work  equally  as  well  as  the 
open  arc,  though  the  note  given  out  is  not  so  audible  owing 
to  the  globe  ;  but  it  can  easily  be  made  so  by  taking  advan- 
tage of  some  of  the  telephoning  effects  mentioned  in  Part  I. 

The  alternating  current  through  the  condenser  circuit 
may  be  as  large  as  from  3  to  5  amperes  R.M.S.  value,  and 
the  direct  current  in  the  main  circuit  also  varies  considerably 
depending  on  the  amount  of  resistance  in  the  circuit.  This 
condenser  current  is  sufficient  to  show  experiments  with 
alternating  currents  which  do  not  require  much  power,  and 
is  very  convenient  in  many  cases  for  lecture  purposes  as  the 
frequency,  and  any  changes  in  it,  are  at  once  evident  from 
the  pitch  of  the  note  given  out  by  the  arc.  Magnetic  space 
telegraphy  can  easily  be  demonstrated  on  a  small  scale  by 
using  the  self-induction  coil  as  the  transmitting  circuit. 
[Experiment.]  Several  arcs  can  be  used  in  series  when 
more  power  is  required  in  the  condenser  circuit  than  can 
be  obtained  from  one  arc  alone. 


TABLE  OF  DATA  OF  MUSICAL  ARCS. 


. 

Carbons  both  solid. 

Open  Arc. 

Enclosed  Arc. 

Conradty, 

Elecira, 

Diameter         

9  mm. 

13  mm. 

Arc  Length      

1*5  mm. 

i*o  mm. 

„   Current 

35  amps. 

5  amps. 

Resistance  in  Series  R. 

42  ohms. 

about  28  ohms. 

Self  Induction  of  L.  ... 

53  X  10-3  h. 

53  X  10-3  h. 

Resistance  of  L.  and  Lead^ 

« 

> ... 

0*41  ohms. 

0*41  ohms. 

Capacity  of  Condenser  F. 

I'l  to  5*4  mf. 

1*1  to  5*4  mf. 

R.M.S.  Current  through  Con- 
denser when  Capacity  =  5*4 

lUI  •       •••           •••           •••           ••• 

3  amps. 

4*5  amps. 

For  the  convenience  of  those  who  may  wish  to  repeat 
these  experiments,  I  have  inserted  a  table  of  good  working 


vol..  zxx. 
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conditions  for  open  and  enclosed  arcs.  The  exact  figures  need 
not  be  strictly  adhered  to,  as  the  musical  arc  will  work  over 
a  wide  range  of  conditions.  It  may  perhaps  be  well  to 
mention  that  only  condensers  suitable  for  high  voltages 
should  be  used,  as  although  the  P.D.  arc  is  only  50  volts,  the 
P.D.  condenser  rises  to  several  hundred  volts. 


Metal  Electrodes  Switch  Contacts. 

In  connection  with  the  above  experiments  the  attempt 
was  made  to  replace  the  carbons  by  metal  electrodes,  when  I 
found  that  on  trying  to  shunt  the  metal  arc  with  a  condenser 
it  went  out,  no  self-induction  except  that  of  the  leads  being 
used.  [Experiment.]  Of  course,  whether  the  arc  is  extin- 
guished or  not  depends  on  the  capacity  used  to  shunt  it  and 
on  the  other  conditions  of  the  circuit ;  thus  in  the  present 
case,  with  a  3-ampere  arc  between  6  mm.  diameter  copper 
electrodes  and  a  resistance  in  series  of  from  50  to  60  ohms, 
supply  voltage  200,  it  was  found  that  the  arc  was  always 
extinguished  when  shunted  with  a  condenser  having  a 
capacity  from  o*6  to  5*4  mf.,  though  with  the  smaller  con- 
denser, 0*6  mf.,  and  longer  arc  lengths  the  extinguishing  was 
not  quite  so  certain.  Condensers  larger  than  5*4  mf.  were 
not  tried,  though  I  have  no  doubt  that  they  would  prove 
even  more  effective. 

This  experiment  is  very  instructive  as  showing  how  very 
soon  the  metal  arc  becomes  practically  non-conducting  after 
the  current  through  it  is  interrupted,  for  if  we  consider  that 
the  current  through  the  arc  is  reduced  to  zero  at  the  instant 
of  first  connecting  the  condenser,  and  remains  zero  unless 
the  arc  relights,  then  the  time  required  for  the  0*6  mf.  con- 
denser to  charge  up  to  (i  — ),  or  63  per  cent,  of  the  supply 

c 

voltage,  Le.j  126  volts,  is  about  ij^-Jro^th  of  a  second.  So  that 
we  may  consider  that  if  the  current  through  the  metal  arc  is 
interrupted  for  about  one  twenty-seven  thousandth  of  a 
second,  even  applying  about  three  to  four  times  the  normal 
voltage,^  will  not  cause  it  to  relight.  This  is  very  different 
from  the  case  of  the  arc  between  cored  carbons,  for  it  is  well 
known  that  the  current  through  a  lo-ampere  cored  arc  may 

»  Direct-current  metal  arcs  as  above  usually  require  a  P.D.  roughly  about 
30  volts. 


V 


1900.]         CURRENT  THROtJGH  DlRECT-CURRENT  ARC.  263 

be  interrupted  by  opening  a  switch  in  series  with  it  for,  say, 
a  quarter-second,  and  yet  the  arc  will  relight  on  closing  the 
switch  again,  owing  to  the  high  conductivity  of  the  vapour 
left,  when  the  arc  is  extinguished.  The  comparison  is,  how- 
ever, not  quite  a  fair  one,  as  it  might  be  expected  that  with 
the  larger  current,  viz.,  lo  amperes  used  with  the  cored  arc, 
more  conducting  vapour  would  exist  than  with  the  3 
amperes  used  for  the  metal  arc,  and  that  it  would  therefore 
take  longer  for  the  vapour  column  of  a  lo-ampere  arc  to 
cool  down ,  and  attain  a  high  resistance  than  that  of  a 
3-ampere  arc. 

In  order  to  make  a  fair  comparison,  the  metal  electrodes 
were  replaced  by  cored  carbons  and  a  3-ampere  arc  obtained 
under  as  nearly  as  possible  the  same  conditions  as  the  copper 
arc.  This  cored  carbon  arc  could  not  be  extinguished  even 
on  shunting  it  with  the  largest  condenser,  viz.,  5*4  mf. 
[Experiment],  and  it  was  found  necessary,  in  order  to  make 
the  cored  arc  go  out  on  shunting,  to  reduce  the  current 
through  it  to  below  i  ampere  ;  but  with  such  a  small  current 
the  arc  is  rather  unstable  and  liable  to  go  out  even  when  not 
disturbed  in  any  way.  Two  solid  carbons  were  also  tried, 
and  the  effects  were  found  to  be  intermediate  between  the 
cored  arc  and  the  metal  arc,  as  a  2-ampere  solid  arc  could 
just  be  put  out  by  shunting  with  the  5*4  mf.  condenser, 
whereas  the  3-ampere  metal  arc  always  went  out  on  being 
shunted  with  a  condenser  of  as  small  a  capacity  as  0*6  mf., 
as  already  stated. 

The  correct  method  of  finding  out  whether  the  arc  will 
relight  in  any  given  case  after  it  has  been  extinguished  on 
suddenly  reducing  the  current  through  it,  is  the  following  : — 
Let  A,  Fig.  10,  be  a  curve  which  might  be  drawn  between 
the  P.D.  which  will  have  to  be  set  up  between  the  electrodes 
to  relight  the  arc,  and  the  time  that  has  elapsed  since  the  arc 
was  extinguished  ;  and  B  the  curve  that  connects  the  actual 
rise  in  P.D.  between  the  electrodes  {i.e.,  between  the  con- 
denser terminals)  and  the  same  time.  Then  the  condition 
for  the  arc  to  relight  is  that  the  curve  B  touches  or  cuts  the 
curve  A. 

Unfortunately  we  do  not  know  much  about  the  curve  A 
between  P.D.  required  to  relight  the  arc  and  time  except 
that  it  starts  from  the  P.D.  at  which  the  arc  was  burning  at 
the  instant  it  was  extinguished,  and  attains  a  final  constant 
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value  equal  to  the  P.D.  required  to  spark  across  between  the 
electrodes.  We  can,  however,  form  some  idea  of  the  steep- 
ness of  the  curve  A  at  the  commencement,  for  we  know  that, 
if  the  arc  fails  to  relight,  the  curve  A  lies  between  the 
ordinate  at  the  time  of  connecting  the  condenser  and  the 
curve  B,  that  is  the  ordinate  at  time  nought.  The  shape  of 
this  latter  curve,  which  represents  the  P.D.  between  the 
terminals  of  the  condenser  during  charge,  can  be  calculated 
from  the  known  data  of  the  circuit ;  thus  with  the  copper 
arc  mentioned  above,  which  is  just  extinguished  by  shunting 


with  a  condenser  of  q"6  mf.  capacity,  E.M.F.  in  circuit  being 
200  volts,  resistance  56  ohms,  and  self-induction  of  leads 
neglected,  the  curve  B  wilj  start  with  an  initial  steepness  of 
about  6  X  10^  volts  per  Second.  In  spite  of  this  very  rapid 
rise  of  curve  B,  it  wi*i  generally  fail  to  intersect  the  curve  A 
for  the  3-ampere  c  jpper  arc,  so  that  the  apparent  resistance 
of  the  copper  arc  Sg^ms  to  increase  at  a  very  high  rate  after 
the  current  through  it  is  stopped. 
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With  cored  carbon  electrodes  the  arc  under  similar 
conditions  could  not  be  extinguished  by  shunting  with  5*4 
mf.,  so  that  since  the  initial  steepness  of  the  curve  B  was 
Jth,  or  about  7  x  10^  volts  per  second,  this  curve  always 
intersected  the  curve  A  for  cored  carbons.  Further,  I  think 
that  the  curves  would  still  intersect,  that  is  the  cored  arc 
would  relight,  if  the  initial  steepness  of  B  had  been  even 
many  times  smaller,  so  that  the  rate  of  increase  of  apparent 
resistance  of  the  cored  arc  after  interruption  of  the  current 
is  many  times  smaller  than  with  the  copper  arc.  In  what 
has  been  said  above,  I  have  neglected  the  unknown  self- 
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induction  of  the  leads,  so  that  the  figures  given  must  be 
considered  as  only  rough  approximations. 

The  extreme  rapidity  with  which  it  is  necessary  to 
increase  the  P.D.  between  the  terminals  of  the  metal  arc  in 
order  that  it  may  relight  again  after  the  current  through  it 
has  been  stopped,  explains  the  fact  that  it  seems  impossible 
to  maintain  an  alternate  current  arc  between  metal  electrodes 
at  ordinary  frequencies  and  P.D.s  of  even  several  hundred 
volts ;  and  that  it  requires  a  P.D  as  high  as  2,000  volts  to 
maintain  a  metal  arc  as  found  by  Herr  Arons.* 

If  the  non-inductive  resistance  in  series  with  the  arc  be 
replaced  by  a  highly  inductive  one  as  shown  in  Fig.  11,  the 

'  IViedemann^s  Anna/sn,  vol.  Ivii.,  p.  185. 
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curve  B  will  be  altered  in  shape,  and  with  the  conditions 
inserted  under  Fig.  ii  the  charge  of  the  condenser  will  be 
oscillatory  as  shown  by  B'  Fig.  lo,  the  maximum  P.D. 
attained  if  the  arc  fails  to  relight  at  all  being  many  times  as 
high  as  the  E.M.F.  of  the  source  of  supply.  Although  the 
arc  is  put  out-  on  shunting  with  a  condenser,  it  does  not 
follow  that  it  may  not  have  really  relit  and  gone  out  again 
several  times  corresponding  with  each  swing  of  the  con- 
denser, before  it  is  finally  left  extinguished  owing  to  the 
dying  away  of  the  oscillations ;  and  this  is  probably  what 
occurs  when  the  curve  A  is  not  very  steep,  as  in  the  case  of 
cored  carbons.  In  this  case  the  maximum  rise  in  P.D.  will 
be  limited  by  the  shape  of  the  curve  A  and  by  the  amplitude 
of  the  oscillations  being  rapidly  damped,  due  to  conduction 
through  the  arc. 

This  high  rise  in  P.D. — caused  by  the  sudden  annulling 
of  the  current  through  the  self-induction  when  the  metal  arc 
is  extinguished  on  shunting  it  with  a  condenser — is  very 
serious,  as  the  following  experiment  shows.  A  3-ampere  arc 
between  two  copper  electrodes  6  mm.  diameter,  the  condi- 
tions of  the  circuit  being  those  given  under  Fig.  11,  was 
shunted  with  a  condenser  5*4  mf.  capacity.  This  caused  the 
arc  to  go  out  and  so  high  a  rise  in  P.D.  to  be  produced  that 
the  insulation  of  the  leads  broke  down,  a  spark  passing  from 
a  to  6,  accompanied  by  a  report.  [Experiment.]  When, 
however,  I  substituted  carbons  for  the  copper  electrodes,  no 
report  was  heard,  nor  was  any  serious  rise  in  P.D.  noticed. 
[Experiment.] 

The  next  experiment  tried  was  to  connect  the  condenser 
permanently  as  a  shunt  to  the  metal  electrodes,  and  then  to 
attempt  to  strike  the  arc,  the  circuit  being  arranged  as  in 
Fig.  II.  I  found  that  it  was  impossible  to  strike  an  arc 
between  metal  (Cu,  Fe,  Al,  and  Brass)  electrodes  if  the 
capacity  of  the  condenser  F,  Fig.  11,  exceeded  o'l  mf. — 
even  although  an  E.M.F.  of  200  volts  was  used — and  that 
on  separating  the  electrodes  the  sudden  interruption  of  the 
current  through  the  self-induction  set  up  oscillations  in  the 
circuit  and  a  high  rise  in  P.D.  between  the  terminals  of  the 
condenser  similar  to  that  produced  when  the  metal  arc  was 
extinguished  by  shunting  with  a  condenser  as  explained 
above.  The  condition  that  determines  the  possibility  of 
triking  the  arc  is  similar  to  the  condition  that  governs  the 
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relighting  of  the  arc  after  the  current  through  it  has  been 
reduced  to  zero  as  ejq>lained  above.  For  corresponding  with 
each  position  of  the  electrodes  as  they  separate  there  is  ^ 
certain  P.D.  required  to  start  the  arc,  and  if  the  relation 
between  the  position  of  the  electrodes  and  time  be  known, 
then  a  ciu^e  between  P.D.  required  to  start  the  arc  and  time 
can  be  plotted  similar  to  curve  A,  Fig.  lo  above,  and  the 
intersection  or  otherwise  of  this  curve  with  the  curve  B' 
determines  whether  the  arc  will  strike  or  not. 

The  practical  interest  in  this  subject  of  the  striking  of 
the  arc  lies  in  the  fact  that  when  the  attempt  is  made  to 
interrupt  a  steady  direct  current  flowing  through  an  inductive 
circuit  by  means  of  a  switch  with  metal  contacts,  an  attempt 
is  really  made,  at  the  first  instant,  to  strike  a  metal  arc 
between  the  contacts,  and  if  these  contacts  be  shunted  by  a 
condenser  which  prevents  the  arc  from  forming,  a  high  rise 
in  P.D.  will  occur.  If,  however,  the  arc  was  allowed  to  form, 
the  time  during  which  the  break  takes  place  would  be 
lengthened,  and  no  such  great  rise  of  P.D.  would  be  pro- 
duced. This  rise  in  P.D.  has  been  mathematically  investi- 
gated by  Mr.  Johnson '  on  the  assumption  that  the  arc  does 
not  form,  and  putting  the  data  given  under  Fig.  ii  into  his 
equation,  I  find  that  the  rise  in  P.D.  is  just  over  2,000  volts 
as  compared  with  200  volts  the  E.M.F.  in  the  circuit.  It  is, 
therefore,  of  importance  when  it  is  required  to  prevent  these 
rises  in  P.D.,  on  breaking  the  circuit  to  so  choose  the 
substance  of  the  switch  contacts  that  the  arc  shall  not  be 
prevented  from  forming  or  be  suddenly  extinguished  by  the 
action  of  the  condenser,  that  is  to  say  that  arcing  at  the 
switch  contacts  should  rather  be  encouraged  than  otherwise,  of 
course  always  supposing  that  no  special  method  such  as  a 
non-inductive  resistance  shunting  the  switch  be  provided  to 
dissipate  the  energy  stored  in  the  self-induction. 

The  following  experiments  illustrate  the  importance  of 
the  nature  of  the  switch  contacts  and  of  the  condenser 
which  shunts  them.  The  circuit  used  was  that  shown  in 
Fig.  II,  the  arc  being  replaced  by  a  switch  with  brass  con- 
tacts, and  the  data  of  the  circuit  being  those  given  below 
the  figure.  When  the  condenser  F  was  disconnected,  and 
the  insulation  between  a  and  b  was  made  to  consist  of  a 
single  thickness  of  paper,  I  found  that  the  circuit  might  be 

»  TAe  Ehc^rician^  1900,  vol,  xlv.,  p.  281, 
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made  and  broken  by  means  of  the  switch,  either  quickly  or 
slowly,  without  the  paper  between  a  and  b  being  pierced. 
[Experiment.]  After  reconnecting  the  condenser  F,  how- 
ever, every  time  the  switch  was  opened  the  paper  was 
pierced,  and  even  three  thicknesses  of  the  paper  could  not 
withstand  the  rise  in  P.D.  that  occurred.  [Experiment.] 
The  steady  P.D.  required  to  pierce  one  thickness  of  the 
paper  was  founcl  by  a  separate  experiment  to  be  about  550 
volts,  and  that  required  to  pierce  three  thicknesses  about 
1,500  volts,  so  that  without  the  condenser  shunting  the 
switch  the  rise  in  P.D.  on  breaking  the  inductive  circuit  was 
under  500  volts,  but  with  the  condenser  as  a  shunt  to  the 
switch  was  over  1,500  volts,  showing  that  the  metal  arc  must 
have  been  almost  completely  suppressed,  as  the  maximum 
value  of  the  P.D.  calculated  above  on  the  assumption  of  no 
arc  forming  at  all  was  only  just  over  2,000  volts. 

The  influence  of  the  nature  of  the  contacts  of  the 
switch  on  the  rise  in  P.D.  which  occurs  when  the  switch  is 
shunted  by  a  condenser  is  very  marked ;  thus  with  the 
metals,  copper  and  brass,  serious  rises  in  P.D.  were  always 
found  to  occur,  with  solid  carbons  as  contacts  the  rise  was 
much  less,  and  with  cored  carbon  contacts  was  inappreciable. 
[Experiment.] 

Breaking  the  circuit  between  metal  contacts  under  tap- 
water,  or  shunting  the  metal  contacts  while  in  air  by  wires 
dipping  into  water,  also  prevented  any  serious  rise  in  P.D. 

It  was  also  found  that  resistance  or  self-induction  intro- 
duced into  the  connections  between  the  condenser  and  the 
contacts  greaUy  reduced  the  rise  in  P.D.  on  opening  the 
switch. 

I  attempted  to  use  an  electrostatic  voltmeter  to  measure 
the  rise  in  P.D.  instead  of  the  rough  method  of  the  piercing 
of  paper,  but  although  the  voltmeter  was  sufficiently  sensi- 
tive to  read  steady  P.D.s  much  below  that  required  to 
pierce  the  paper,  it  failed  to  indicate  the  rises  in  P.D. 
This  is  probably  due  to  the  short  time  the  rise  in  P.D. 
lasts. 

There  are  vtwo  practical  cases  in  which  capacity  shunts 
the  switch  corllacts  to  which  I  will  refer. 

The  first  iii  the  ordinary  induction  coil  in  which  the 
circuit  is  ^^^J»  "pe  as  Fig.  11,  the  switch  being  replaced  by 
the  contact  "M^^^^,     In   this  case  a  high  rise  in    P.D.   is* 
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required  so  that  the  nature  of  the  contact  points  should  be 
such  that  the  arc  can  be  completely  extinguished  by  as  small 
a  condenser  as  possible ;  for  the  rise  in  P,D.,  if  the  arc  is 
completely  extinguished,  will  be  the  higher  the  smaller  the 
capacity  of  the  condenser.  (See  also  Appendix  IV.)  It  is 
evident,  therefore,  that  carbon  would  be  very  unsuitable 
for  the  contacts  of  an  induction  coil.  This  has  lately  been 
shown  to  be  the  case  by  the  experiments  of  Mr.  Beattie," 
who  finds  that  with  a  slow  break  the  maximum  length  of 
spark  obtainable  between  the  terminals  of  the  secondary, 
using  platinum  contacts,  is  nearly  2}  times  that  obtainable 
when  carbon  contacts  are  used,  the  current  interrupted  at 
the  break  being  the  same  in  both  cases.  1  think  that  if 
cored  carbons  had  been  used,  a  much  greater  disparity  in 
the  spark  length  would  have  been  found.     [Experiment.] 

The  second  case  is  that  of  a  switch  or  circuit  breaker 
connected  with  a  concentric  cable  so  that  the  capacity 
shunting  the  contacts  is  supplied  by  the  distributed  capacity 
of  the  cable.  Whether  this  distributed  capacity  in  practic2tl 
cases  will  have  the  same  effect  as  a  condenser  shunting  the 
contacts,  as  suggested  by  Mr.  Johnson,  is,  1  think,  a  matter 
for  further  experiment.  If  it  has,  then  serious  rises  in  P.D. 
are  to  be  apprehended  on  interrupting  a  direct  current, 
though  an  inductive  circuit,  by  means  of  metal  contacts, 
the  capacity  of  the  cable  forming  a  shunt  to  the  contacts. 

Assuming  this  to  be  true  for  direct  currents,  may  not 
some  of  the  breakdowns  of  concentric  cables  supplying 
power  by  means  of  alterttating  current  be  also  due  to  the 
sudden  quenching  of  the  arc  at  metal  contacts,  and  not  to 
the  fact  that  the  current  is  an  alternating  one  ?  I  suppose, 
of  course,  that  the  attempt  to  interrupt  the  current  is  made 
at  some  point  in  the  period  when  the  current  is  large. 

Before  concluding  this  paper,  I  wish  to  express  my 
indebtedness  to  Professor  Ayrton  and  Mr.  Mather,  of  the 
Central  Technical  College,  not  only  for  allowing  me  to 
carry  out  the  experiments  in  the  laboratories  of  the  College, 
but  also  for  the  valuable  assistance  and  advice  they  have 
given  me  during  the  course  of  the  experiments.  I  also 
wish  to  express  my  thanks  to  the  many  students  who  have 
helped  me  from  time  to  time,  and  especially  to  Messrs. 
Brown,  Watson,  and  Fithian. 

'  PhU,  Mag,,  1900,  vol.  1.,  p.  146. 
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Conclusions. 

If  the  current  be  suddenly  increased  throu^  a  direct- 
current  arc  between  two  solid  carbons,  the  P.D,  and  current 
increase  together  for  less  than  about  ^^j^  second,  and  at 
the  end  of  this  very  short  time  the  P,D.  decreases  with  an 
increase  of  current  in  the  ordinary  way. 

If  the  current  through  a  direct-current  arc  varies  by  as 
little  as  3  per  cent,  from  the  mean,  and  if  the  frequency  of 
these  superimposed  variations  is  even  as  high  as  4,300  (\J 
per  second,  a  variation  in  the  light  emitted  by  both  the 
-f  crater  and  the  vapour  column  can  be  detected. 

A  rapid  periodic  variation  of  the  order  of  one  part  in  10,000 
from  the  mean  current  will  alter  the  vapour  column  of  the 
arc  sufficiently  to  produce  sound-waves ;  and  a  variation  of 
one  part  in  100  will  produce  sound-waves  even  at  frequencies 
as  high  as  30,000  fXJ  per  second. 

The  arc  is  affected  by  such  small  changes  of  outside 
conditions  as  sound-waves  produce. 

The  direct-current  arc  can  be  used  both  as  a  telephone 
receiver  and  transmitter. 

In  the  direct-current  humming  arc  the  P.D.  current  and 
light  emitted  vary  periodically,  the  frequency  of  these  varia- 
tions being  the  same  as  that  of  the  rotation  of  the  arc  as  a 
whole,  and  of  the  pitch  of  the  sound  emitted. 

In  the  direct-current  hissing  arc  the  P.D.  current  and 
light  emitted  vary  very  irregularly,  the  larger  and  slower 
variations  corresponding  with  a  rotation  of  the  arc  as  a 
whole  and  the  smaller  and  more  rapid  to  the  hissing  proper, 
i.e.,  the  oxygen  of  the  air  obtaining  access  to  the  crater 
surface  as  demonstrated  by  Mrs.  Ayrton. 

Under  certain  conditions  the  direct-current  solid  arc 
will  emit  a  musical  note  when  shunted  by  a  self-induction  in 
series  with  a  condenser. 

When  emitting  the  musical  note,  the  direct-current  arc 
transforms  direct-current  energy  into  alternate-current 
energy,  the  frequency  of  the  latter  being  determined  by  the 
self-induction,  capacity,  and  effective  resistance  of  the 
oscillating  circuit.  The  pitch  of  the  note  emitted  may  be 
used  as  a  mearisof  comparing  self-inductions  and  capacities. 

If  a  direct-current  arc  be  shunted  with  a  condenser  of 
al  microfarads  capacity,  the  arc  will  generally  be  ex- 
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tinguished  if  the  electrodes  are  of  metal,  and  not  if  they  are 
of  cored  carbon,  the  resistance  in  series  with  the  arc  being 
non-inductive. 

If  the  resistance  in  series  with  the  arc  be  highly  induc- 
tive, then,  when  the  metal  arc  is  extinguished  by  shunting 
it  with  a  condenser,  a  violent  rise  in  P.D.  occurs  between 
the  terminals  of  the  arc. 

The  rise  in  P.D.  that  occurs  when  an  inductive  circuit  is 
broken  by  means  of  a  switch,  the  contacts  of  which  are 
shunted  by  a  condenser,  is  much  higher  if  their  contacts  are 
of  metal  than  if  they  are  of  cored  carbons,  owing  to  the 
condenser  extinguishing  the  metal  arc  formed  at  the  con- 
tacts more  suddenly  than  the  arc  formed  when  carbon  con- 
tacts are  separated. 


APPENDIX  I. 
On  the  Resistance  of  the  Cores  of  Cored  Carbons. 

I  do  not  remember  having  seen  it  pointed  out  that  the  much  greater 
stability  of  arcs  between  cored  carbons  than  of  those  between  solid 
carbons  can  not  be  very  well  due  to  the  high  conductivity  of  the 
material  of  the  core,  while  in  place  in  the  carbon,  for  the  cores  have 
generally  a  higher  specific  resistance  than  the  solid  carbon  which 
surrounds  them,  as  the  following  experiment  shows : — 

Three  carbons  were  taken — two  cored  and  one  solid— of  the  same 
nominal  diameter  (ii  mm.),  and  a  current  of  9*9  amperes  was  passed 
through  them.  The  drop  of  volts  was  measured  along  a  length  of  20 
cms.  of  each  after  they  had  attained  a  steady  temperature. 

Each  of  the  three  carbons  then  had  a  hole  3*  16  mm.  diameter  drilled 
through  it  so  as  to  completely  remove  the  cores  of  the  cored  carbons 
and  the  centre  of  the  solid  carbon,  and  the  drop  of  volts  was  remeasured 
as  before.  The  results  are  given  in  the  table  below,  from  which  it 
appears  that  drilling  a  hole  in  the  solid  carbon  increased  its  resistance 
7*8  per  cent.,  whereas  drilling  the  same  sized  hole  (which  removed  the 
core  and  a  small  amount  of  the  solid  carbon)  in  a  cored  carbon  of  the 
same  make  only  increased  its  resistance  by  2*1  per  cent. 

Allowing  for  the  fact  that  a  small  quantity  of  solid  carbon  was 
removed  along  with  the  core  in  drilling,  the  specific  resistance  of  the  core, 
of  one  make  of  cored  carbon,  was  about  sixteen  times  that  of  the  surround- 
ing solid  carbon,  and  in  the  other  the  specific  resistance  of  the  core  wa 
practically  infinite. 
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(Sec  Fig.  9.) 

Let  E  and  C  be  the  K.M.F.  and  current  through  the  cells,  when  there 
It,  no  oncillalory  current  through  the  condenser  circuit. 

Let  V  atid  A  he  the  P.D.  and  current  through  the  arc  under  the  same 
cnndilions. 

IfCl  K  be  the  rewistancc  in  series  with  the  arc,  including  that  of  the 
celh. 

Let  r  he  the  resistance  of  the  condenser  circuit. 

I,el  JtV  be  a  small  change  in  the  P.D.  arc  which  produces  a  current  pi 
through  the  condenser  circuit  for  a  time  it,  and  let  SV  and  conse- 
quently ^i  he  iissiinied  to  change  sign  at  the  end  of  each  hilcrval 
of  lime  il. 

I.el  Ik  and  JC  be  the  corresponding  changes  in  A  and  C  ;  E  being 
assumed  constant. 

The  cncrRv  supplied  to  the  condenser  circuit — 

during  one  interval  i/=  (V  +  ;V)  (+  li)lt 
„     next        „      ;/  =  (V  —  S\)  (—  ;/)  It 
'I'otnl  (luring  one  complete  period  2  £1=  2  ti  SV II 
Kiiergy  dissipated  in  ohmic  losses  during  2  II 1=  f  (<^/)'  ^  i^' 


Si  t\'  positive. 
supply  shall  make  up  for  the  ohmic  losses  v 
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Now 

and  0=.^^ 
R 


.-.  ac= 


R 

«-=-a+^)(-)' 

.  * .  for  a  supply  of  energy  to  condenser  circuit    .^raust  be  negative 
and  numerically  less  than  R. 

Supposing  -jri-   negative,  then  in  practice  the  second  condition  is 


ir 

^A 


always  fulfilled,  or  j^  -|-  R  would  be  negative  and  the  whole  circuit 
unstable. 


Next  the  condition  that  sufficient  energy  be  supplied  to  make  up  for 
the  ohmic  losses  gives 

Si  dV^r{Siy 
and  as  $i  SV  is  positive, 


-'a+#)< 


.  ••.  to  obtain  best  supply  of  energy  to  condenser  circuit  we  require 
R  very  large  and  r  very  small. 

I  ^A 

Suppose  —  may  be  neglected,  compared  with  — ^  then  condition 

becomes 

—  — -  ^  r 

6  A  -^ 

Thus  it  is  possible  if  -^  is  negative  and  numerically  greater  than  r, 

for  the  condenser  circuit  to  receive  sufficient  energy  during  each  very 
small  complete  oscillation  to  compensate  for  the  energy  dissipated  in 
ohmic  losses  during  the  oscillation.  For  larger  oscillations,  similar  but 
more  complicated  expressions  will  probably  be  required. 


APPENDIX  III 

On    the  Relation  between  the  Pitch   of  the  Note  and  the 
Capacity  and  Self-Induction  Shunting  the  Musical  Arc 

In  order  to  demonstrate  that  the  pitch  of  the  note  emitted  by  the 
musical  arc  is  determined  by  the  capacity  and  self-induction  of  th 
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circuit  shuntiDg  it,  and  is  given  by  tiie  formula  frequency  of  note 

emitted  =  — — ~~  -;,  when  the  resistance  of  the  circuit  is  negligible, 

a  series  of  capacities  was  calculated  by  means  of  this  formula,  to  give 
one  octave  of  the  diatonic  scale,  on  the  assumption  of  a  constant  self- 
induction  L.  A  fairly  close  approximation  to  this  series  of  capacities 
was  obtained  by  combining  in  parallel  condensers  chosen  from  a  set 
of  eight  Swinburne  condensers,  the  capacities  of  which  are  given  below. 
A  keyboard  was  constructed  which  made  the  necessary  connections. 
The  condensers  used  in  parallel  and  their  actual  capacities  are  tabulated 
against  the  notes  on  the  keyboard  they  weie  respectively  intended  to 
produce.  This  arrangement  of  condensers  and  keyboard,  arrived  at 
entirely  by  calculation,  was  that  used  to  play  tunes  on  at  the  meeting. 

The  self-induction  L  consisted  of  a  coil  of  alKiut  40  lbs.  of  No.  10 
D.C.C.  copper  wire  coiled  into  a  coil  of  about  18  inches  diameter, 
having  a  resistance  of  about  0*44  ohm  and  a  self-induction  of  1475 

The  frequency  of  each  of  the  notes  emitted  by  the  arc  was  deter- 
mined for  me  by  Mr.  G.  Wall  and  Mr.  L.  Murphy  by  comparing,  by 
means  of  a  monochord,  each  note  with  a  standard  tuning-fork  giving 
512  complete  vibrations- per  second.  The  frequencies  so  determined 
are  tabulated  below  along  with  the  frequencies  calculated  by  means  of 
the  formula  from  the  known  self-induction  and  the  capacity  in  each 
case.  The  agreement  between  the  two  demonstrates,  I  think,  fairly 
conclusively  that  the  pitch  of  the  note  is  determined  by  the  periodic 
time  of  the  circuit  shunting  the  arc.  It  will  l>e  noticed  that  the 
calculated  frequency  is  in  most  cases  about  I  per  cent,  higher  than  the 
observed  ;  this  is  probably  due  to  the  fact  that  in  calculating  the  fre- 
quencies no  account  has  t>een  taken  of  the  resistance  of  the  circuit  in 
which  the  oscillating  currents  are  flowing,  as  this  resistance  should 
include  that  of  the  arc.  This  is  borne  out  by  the  fact  that  the  note 
depends  to  a  slight  extent  on  the  length  of  the  arc  and  on  the  current 
through  it  Another  possible  cause  of  the  difference  may  be  that  the 
capacities  of  the  condensers  used  may  not  be  quite  the  same  at  these 
high  frequencies,  550  to  1,100  r\J  per  second,  as  at  100  pij  per 
second,  the  frequency  at  which  they  were  determined. 


List  ok  Swikburne  Comden'sers. 


1  „...,. 

CapMHytnMfs. 

Called 

Cajuelly  In  Mfs. 

2-515 

. 
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1143 

f 
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1146 

S 

0130 

0'6l3 

h 
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current  throogh  direct-cdrrent  arc. 
Data  of  Condensers  for  Musical  Arc 


K-X^ 

CondtoKR  UKd  in 

c.p£.«-in 

FrHjutncy  f\J  per  Second, 

<a^.»d. 

Observed. 

c 

",  6,  c,  rf,  g 

5-54, 

ss« 

545 

D 

a.  b,  4,  g 

™ 

"4 

618 

E 

a,  <t,  cj 

3-5S3 

695 

688 

P 

a,d 

3-J2, 

740 

735 

G 

b,c.g,h 

2-47i 

83. 

822 

A 

b.dj.i 

20O3 

916 

91S 

B 

b,e.e 

1-57, 

104a 

i'H5 

C 

i>j,e 

1-39. 

■  ■■0 

.10, 

To  increase  the  alternating  current  in  the  condenser  circuit  and  the 
loudness  of  the  notes  emitted,  it  is  necessary  to  increase  the  number  of 


solid  arcs  used  in  series.  With  the  ordinary  300-volt  supply  only  three 
solid  arcs  can  be  run  in  series,  and  even  this  number  gives  trouble 
owing  to  want  of  sufficient  stabiUty.  In  order  to  overcome  this 
difficulty  1  employed  the  arrangement  shown  in  Fig.  la,  by  means 
of  which  all  the  advantages  in  stability  of  having  only  two  arcs  in 
series  are  secured  at  the  same  time  that,  as  far  as  the  condenser  circuit 
is  concerned,  we  have  four  arcs  in  series  and  the  conseqi 
in  the  alternating  current  and  the  loudness  of  the  notes 
used  at  the  meeting  the  data  were  as  follows  1  Pressure  01 
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volts  current  through  each  arc  5  amperes.  Carbons  -f  1 1  and  —  9  mm. 
solid  "  Apostle."  Arc  length  about  i  mm.  F  condenser  and  keyboard 
described  above.  L  self-induction  described  above,  with  an  extra 
point  brought  out  so  as  to  reduce  its  value  to  \  and  give  a  second 
octave. 


APPENDIX  IV. 
(Communicated  February  22,  1901.) 

During  the  experiments  on  the  shunting  of  a  metal  arc  with  a 
condenser,  I  noticed  that  the  rise  in  P.D.  which  occurs  between  the 
terminals  of  the  arc  when  the  circuit  is  inductive  always  seemed  to  be 
greater  when  the  condenser  was  applied  as  a  shunt  to  an  arc  after 
striking  the  same  than  when  the  electrodes  were  first  shunted  with 
a  condenser  and  afterwards  the  attempt  was  made  to  strike  the  arc. 
Vi\  r  V'\xv  raid  suggested  to  me,  quite  independent  of  the  above 
«  ■  V.  \»uon,  that  in  the  case  of  an  ordinary  induction  coil  an  increase 
o*  f  irk  length  might  be  obtained  if  instead  of  connecting  the 
c<  .iiJen^^cr,  as  is  usual,  permanently  as  a  shunt  to  the  contact  points 
the  condenser  was  disconnected  during  the  time  the  contact  points 
separate  to  a  small  distance,  and  was  then  connected  as  a  shunt  to 
them  so  as  to  suddenly  extinguish  the  small  arc  or  spark  that  had 
formed  between  them. 

In  order  to  carry  out  this  suggestion  a  contact  maker  driven  by 
a  motor  was  constructed  by  means  of  which  the  condenser  could  be 
connected  as  a  shunt  to  the  contacts,  which  acted  as  the  interrupter 
for  the  primary  current  of  the  induction  coil  either  before  their 
separation  (ordinary  method)  or  at  any  desired  time  interval  after  the 
separation  of  the  contacts  and  the  formation  of  the  arc  between  them 
(new  method). 

With  this  apparatus,  using  a  six-inch  spark  "  Apps  "  induction  coil 
the  primary  current  being  supplied  by  three  accumulators  and  regulated 
by  means  of  a  carbon  resistance,  and  using  the  condenser  belonging  to 
the  coil,  I  found  that  if  the  primary  current  was  adjusted  to  give  the 
maximum  length  of  secondary  spark,  first  with  the  condenser  applied 
before  the  separation  of  the  contacts,  second  with  the  condenser 
applied  a  certain  time  after  their  separation,  then  the  spark  length  in 
the  latter  case  (new  method)  was  from  two-and-a-half  to  three  times 
as  great  as  in  the  former  or  ordinary  way.  Again,  if,  when  the  spark 
length  was  adjusted  to  its  maximum  value  with  the  new  method,  the 
condenser  was  applied  in  the  ordinary  way  without  changing  the 
current  or  the  speed  of  the  contact  maker,  then  the  secondary  spark 
was  reduced  to  about  one-sixth  or  one-seventh  the  length,  so  that  the 
new  method  of  applying  the  condenser  to  the  induction  coil  gives  in 
both  cases  a  considerable  increase  of  spark  length  over  the  old. 

An  observation  was  made  whilst  working  with  this  contact  maker  on 
the  curious  way  in  which  a  trace  of  oil  on  the  contacts  a£Fects  the 
secondary  spark  length.  If,  with  the  condenser  connected  in  the 
ordinary  way,  the  current  through  the  pontacts  was  so  small  that 
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practically  no  arc  formed  between  them,  then  a  trace  of  paraffin  oil  on 
the  contacts  increased  the  secondary  spark  length.  If,  on  the  other 
hand,  the  current  was  so  large  that  appreciable  arcing  was  taking  place, 
then  the  oil  on  the  contacts  reduced  the  spark  length,  apparently  due  to 
the  oil  being  decomposed,  and  introducing  carbon  vapour  into  the  arc 
between  the  contact  points,  thus  reducing  the  suddenness  of  the 
interruption  of  the  primary  current. 


Professor 
Ayrton. 


The  President  :  It  is  quite  evident  we  have  not  time  for  much  PLj 
discussion,  and  I  am  sorry  to  say  the  discussion  on  this  paper  cannot 
be  adjourned.    I  think,  however,  we  ought  to  call  upon  Professor 
A)rrton  to  say  how  it  bears  upon  that  negative  resistance  of  his  which 
was  so  much  maligned  some  time  ago. 

Professor  W.  E.  Ayrton  :  The  paper  which  we  have  just  heard  read 
has  given  me  exquisite  pleasure  :  not  because  I  have  any  claim  to  be  its 
author,  although  I  felt  as  pleased  while  I  heard  it  read  as  if  I  had  been 
the  writer  ;  nor  is  it  merely  because  I  feel  convinced  that  these  experi- 
ments of  to-night  will  assist  in  the  development  of  the  electrical  industry 
of  to-morrow  :  it  is  rather  because  it  so  rejoices  the  hearts  alike  of  pro- 
fessional men — ^yea,  and  of  professors — to  find  a  student  who  so 
resembles  a  solid  carbon  arc  that  he  is  ever  on  the  alert  to  catch  at  and 
magnify  any  hint  which  may  come  from  Nature  or  man.  From  Mr. 
Duddell's  papers  of  two  years  ago,  and  of  to-night,  we  learn  much ; 
among  other  things  this  second  one  has  taught  us  how  valuable  was 
that  research  made  some  five  years  ago  by  Messrs.  Frith  and  Rodgers. 
For  what  did  that  investigation  really  show  us?  It  brought  out  an 
absolutely  new  fact.  Supposing  this  is  an  alternating-current  circuit 
(Fig.  A),  the  alternator  running  at  a  given  frequency  and  supplied  with 
a  given  exciting  current,  the  alternating  current  in  the  circuit  being 
measured  by  an  accurately  graduated  alternate-current  ammeter,  and 
that  this  is  a  wholly  separate  circuit — a  direct-current  circuit  supplied 
by  accumulators — and  sending  a  direct  current  through  a  solid  carbon 
arc.  Then  what  they  showed  was  this,  that  if  you  make  a  break  in  this 
alternate  circuit  and  insert  the  solid  carbon  arc  (Fig.  B)  without 
making  any  change  in  the  resistance,  speed,  or  excitation  of  the 
alternator,  etc.,  you  increase  the  alternate  current,  not  merely  the 
current  when  flowing  in  one  direction — for  the  condenser  stops  any 
direct  current — but  you  increase  the  current  in  both  directions ;  that  is, 
the  alternate-current  ammeter  reads  higher  after  the  arc  has  been 
inserted  than  it  did  before,  and  higher  than  it  will  if  the  arc  be  short- 
circuited.  Now  that  investigation  was  undertaken  by  these  gentle- 
men because  certain  theoretical  considerations  led  me  to  suggest  that 
if  the  method  that  had  been  employed  by  various  experimenters  to 
measure  the  resistance  of  the  arc — a  method  employed  without  comment 
or  adverse  criticism  as  long  as  a  positive  answer  was  obtained — was 
appUed  in  a  certain  case  to  an  arc  a  negative  answer  for  the  resistance 
of  the  arc  would  be  found  :  that  the  method,  in  fact,  which  up  to  that 
period  had  been  used  successfully  to  give  the  resistance  of  the  arc,  and 
which  had  always  given  a  positive  value,  I  pointed  out  would  give  under 
certain  conditions,  a  negative  answer.    Certain  preliminary  experiments 
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Professor 
Ayrton. 


having  been  made  by  Mr.  Mather  which  confirmed  my  idea,  a  long 
investigation  was  carried  out  by  Messrs.  Frith  and  Rodgers.  And  they 
found  that  whenever  the  arc  was  formed  between  solid  carbons,  the 
ratio  of  an  instantaneous  change  of  P.D.  to  the  corresponding  instan- 
taneous change  of  current  was  negaiivCf  whereas  if  the  carbons  were 
both  cored  it  was  always  positive. 

A  howl'of  indignant  criticism  followed.  Had  Messrs.  Frith  and 
Rodgers  and  I  lived  in  the  Middle  Ages  we  should  undoubtedly  have 
been  burned  in  the  solid  carbon  arc.  But  there  were  three  distinguished 
investigators  who  had  the  insight,  who  had  the  courage,  not  to  be  drawn 
into  this  net  of  conventional  antagonism,  and  these  were  Professor 
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Gray,  then  of  Bangor,  now  Lord  Kelvin's  successor  at  Glasgow,  Mr. 

Oliver  Heaviside,  and  last  but  by  no  means  least,  the  Chairman  of 

your  Dublin  local  section,  Professor  Fitegerald,  to  whom  we,  like  so 

many  experimenters,  are  indebted  for  the  many  suggestions  which  he 

has  made.    And  I,  even  I,  ventured  to  suggest  that  progress  would  be 

ticwTe  expedited,  I  thought,  if  the  critics,  instead  of  merely  cavilling  at 

both  case:»mv  of  the  sugar  figiu-e  on  the  cake,  would  cut  it  open,  and  see 

An  observatKzi'*re  really  any -plums  inside.    It  has  remained,  however, 

the  curious  way  in  \*>e  the  real  Jack  Homer  to  put  in  his  thumb  and 

secondary  spark  lengt  modestly  leave  you  and  me  to  finish  the  rhyme 

ordinary  way,  the  cumboy  he  is." 
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I  do  not  propose  this  evening  to  consider  whether  or  not  what   Professor 
Messrs.  Frith  and  Rodgers  measured  was  the  true  resistance  of  the  arc,  "' 

because  opportunity,  I  hope,  we  shall  soon  have  of  going  fully  into  the 
subject ;  but  in  justice  to  Messrs.  Frith  and  Rodgers,  and  in  virtue  of  the 
far-reaching  principle  that  they  really  brought  to  light,  I  desire  to 
emphasise  what  they  really  obtained.  Mr.  Duddell  has  taught  us  what 
was  the  real  significance  of  their  work.  Our  lost  friend  Professor 
Hopkinson,  following  Mr.  Wilde,  proved  several  years  ago  that  two 
alternators  could  not  l>e  run  in  series.  Thus,  for  example,  if  an  alter- 
nator with  a  certain  exciting  current  supplied  to  it,  and  driven  with  a 
steam  engine,  or  an  electric  motor,  or  whatever  it  might  be,  were 
coupled  mechanically  to  another  similar  alternator,  driven  by  an  inde- 
pendent steam  engine,  and  speed  were  got  up  so  that  the  two  machines 
were  going  exactly  in  step  and  then  were  joined  in  series  with  some 
outside  circuit,  he  proved  to  us  that  the  moment  this  mechanical 
coupling  was  severed  the  two  alternators  would  get  out  of  step.  So,  as 
is  well  known,  two  alternators  cannot  run  in  series.  And  he  might 
have  added — ^if  there  had  been  the  slightest  necessity  for  him  to  do  so — 
that  if  two  alternators  cannot  continue  running  in  series  even  if  they 
have  been  started  with  the  same  frequency  and  exactly  in  step,  still 
more  impossible  must  it  be  for  one  alternator,  driven  by  its  own  steam 
engine,  to  run  in  series  with  another  independently  driven  when  the 
frequency  of  the  second  is  being  altered  within  wide  limits.  Never* 
theless,  gentlemen,  that  is  exactly  what  the  arc  does.  For  in  Fig.  B 
we  have  one  alternator  running  in  series,  with  a  second  alternator,  viz., 
the  solid  carbon  arc,  suppljring  alternating  current  to  the.circuit — because 
the  arc  transforms  direct-current  energy  into  alternate-current  energy — 
and  does  it  in  such  a  way  that  whether  the  frequency  of  this  alternator  be 
as  Messrs.  Frith  and  Rodgers  found,  seven  periods  per  second,  or  70,  or 
170,  or  250,  which  was  the  highest  limit  which  could  be  obtained  in  my 
laboratory  at  that  time,  and  whatever  the  current  might  be,  within  the 
limits  they  tried,  this  gallant  little  alternator — the  solid  carbon  arc — 
helps  the  other,  and  supplies  current  sufficiently  in  phase  as  to  make 
the  alternate  current  greater  when  it,  the  arc,  is  inserted  than  when  it 
is  taken  away  or  short-circuited. 

Mr.  Duddell  has  not  only  pointed  out  the  importance  of  that  result, 
the  novelty  of  that  result,  but  he  has  pointed  out  something  even 
further.  He  has  shown  us  that  an  ordinary  so-called  perfectly  silent 
arc  supplied  with  current  from  accumulators  is,  if  the  carbons  be  solid, 
like  the  mouthpiece  of  a  flageolet  or  flute,  not  blown.  The  application 
of  a  shunt  to  that  arc,  consisting  of  a  capacity  in  series  with  a  self- 
induction,  performs  two  operations.  It  starts  vibrations  in  the  arc,  just 
as  blowing  a  flute  gives  rise  to  vibrations  of  many  different  rates.  Just 
as  one  of  those  rates  of  vibration  is  picked  out  and  reinforced  in  the 
case  .of  a  flute  or  flageolet  by  the  form  of  the  resonance  chamber 
dependent  on  the  position  of  your  fingers  or  keys,  so  in  this  musical 
arc  the  particular  one  of  the  many  vibrations  that  is  probably  started 
which  is  picked  out  and  reinforced  depends  on  the  capacity  of 
the  condenser  and  the  value  of  the  self-induction  which  is  in  series 
with  it. 
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ProfcMor  Already  he  has  shown  you  a  practical  result  that  has  followed  from 

Ayrton.  ^j^j^      j  ^^  ^^^  mean  merely  those  illustrations  which  he  has  given  of 

magnetic  space  telegraphy,  and  by  means  of  which  he  has  shown  how 
it  has  become  possible  to  easily  and  experimentally  demonstrate  that 
the  EM.h\  of  the  current  induced  in  the  distant  secondary  coil  is 
proportional  to  the  frequency  of  the  alternating  current  in  the  primary, 
which  will  be  of  marked  value  to  teachers ;  but  beyond  that  he  has 
shown  us  how  to  much  improve  a  well-known  instrument  The  other 
day  he  demonstrated  in  my  laboratory  that,  adding  to  the  ordinary 
circuit  of  that  very  induction-coil,  joined  up  as  ustial,  his  little  motor 
so  as  to  put  the  condenser  across  the  break  just  after  the  break  was 
made,  a  spark  was  obtained  from  five  to  seven  times -as  long  as  was 
obtained  with  the  coil  in  the  ordinary  way.  Even  if  you  try  to  make 
the  comparison  absolutely  fair,  and  try  to  arrange  the  very  best 
conditions  in  each  case  for  the  old  method  and  for  the  new  method, 
you  still  find  a  great  advantage.  Let  somebody  take,  for  example, 
an  induction  coil  and  arrange  the  battery-circuit,  contact-breaker,  etc., 
in  the  old  way  as  well  as  he  can,  and  let  Mr.  Duddell  use  the  same 
induction-coil,  battery,  condenser,  etc.,  and  deal  with  it  as  well  as  he 
can,  then  the  spark  produced  in  the  latter  case  will  be  from  2^  to  3 
times  as  long  as  in  the  former. 

There  is  one  other  point  which  has  come  out  in  connection  with 
these  experiments  of  a  rather  different  kind.  Some  ten  or  more  years 
ago  a  paper  was  read  by  Dr.  Sumpner  and  myself  before  the  Ro5ral 
Society,  pointing  out  what  was  then  new,  that  in  the  case  of  an 
alternating-current  arc,  if  we  used  solid  carbons,  the  true  power  given 
to  the  arc,  that  is  the  power  measured  by  some  accurate  method,  was 
considerably  less  in  some  cases  than  the  current  measured  by  a  good 
current  ammeter  multiplied  by  the  pressure  measured  by  an  alternate- 
current  voltmeter.  Subsequently  to  that,  in  making  experiments  I 
was  pretty  convinced  that  under  certain  circumstances  a  direct-current 
arc  behaved  in  the  same  way.  I  was  pretty  certain,  in  the  case  of  a 
direct-current  arc,  especially  when  solid  carbons  were  used  and  the 
arc  was  hissing,  that  the  power-factor  was  no  longer  unity,  but  not 
sufficiently  sure  of  the  fact  to  publish  it,  especially  in  view  of  the  way 
in  which  that  other  paper  which  I  have  just  referred  to  was  received 
at  the  Royal  Society,  and  the  scepticism  which  was  raised  when  Dr. 
Sumpner  and  I  pointed  out  how  far  from  unity  we  found  the  power- 
factor  was  with  certain  alternate-current  arcs.  But  now  I  am  sure, 
from  results  of  experiments  which  have  been  recently  made  in  my 
laboratory,  that  with  an  arc  supplied  with  accumulators,  a  so-called 
steady  direct-current  arc,  if  the  carbons  be  solid  and  there  is  hissing, 
the  power-factor  may  be  several  per  cent,  different  from  unity — that  is, 
the  true  power  as  measured  by  a  true  instrument,  for  example  a  good 
wattmeter,  may  be  several  per  cent,  less  than  the  product  of  the  volt- 
meter reading  into  the  ammeter  reading. 

When  I  read  this  paper  of  Mr.  Duddell's,  I  thought  he  had  proved 
that  a  solid  carbon  direct-current  arc  was  the  most  sympathetic  soul  I 
had  ever  met,  but  you  have  convinced  us  that  that  is  not  quite  the  case, 
for  you  have  shown  Mr.  Duddell  this  evening  that  the  sympathy  of  his 
arc  is  even  ^he  sympathy  of  his  audience. 
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Dr.  J.  A.  Fleming  :  It  is  very  difficult  to  decide  who  ought  to  be  Dr.  Fleming, 
congratulated  the  more  heartily  this  evening ;  the  members  of  this  Insti- 
tution for  having  had  an  opportunity  of  hearing  such  a  delightful  paper 
from  Mr.  Duddell,  or  Mr.  Duddell  himself  for  having  completed  such 
an  excellent  piece  of  scientific  work.  It  is  a  paper  which  I  am  sure 
must  especially  gladden  the  heart  of  our  President,  for  if  I  mistake  not 
it  will  have  imp>ortant  practical  results  in  connection  with  electrical 
engineering,  and  it  will  perhaps  assist  in  showing  that  science  some- 
times does  go  before  practice,  and  not  follow  it 

The  matter  that  has  most  interested  me  has  been  the  experiments 
with  the  continuous-current  arc  setting  up  oscillations  in  a  circuit  con- 
taining a  condenser  short-circuited  on  the  arc,  because  I  have  been 
attempting  something  in  that  direction  lately,  only  unfortunately  I  have 
concentrated  all  my  attention  on  the  alternating-current  arc  between 
metallic  electrodes,  whereas  I   ought  to  have  directed  attention  to 
carbon  electrodes.     I  am  afraid  it  will  be  a  matter  of  regret  to  me  that 
I    made  that  choice.     It  is,   of  course,  a  well-known  fact  that  if  an 
alternate-current  arc  between  metallic  balls  is  used,  strong  oscillations 
can  be  set  up  in  a  condenser  circuit  shunting  the  balls,  especially  if  the 
arc  is  blown  upon  by  a  well-regulated  current  of  air.     But  the  effect 
with  the  continuous-current  arc  is  exceedingly  interesting,  because  it 
seems  to  depend  on  certain  critical  conditions  as  to  the  state  of  affairs 
when  the  arc  is  extinguished.     If  I  mistake  not,  a  rough  explanation 
of  it  is  something  in  this  direction.     Imagine  the  condenser  and  induc- 
tive circuit  to  be  placed  across  the  carbons  when  the  arc  is  in  opera- 
tion.   Then  at  that  moment  the  arc  is  robbed  of  its  current,  and  is 
extinguished.    Then  the  potential  rises,  the  condenser  becomes  charged, 
and  it  discharges  itself  through  what  remains  of  the  conducting  vapour, 
and  then  re-establishes  the  arc,  and  so  sets  up  a  periodic  state  of  ^airs 
— a  sort  of  flutter  is  created  in  the  arc  which  expresses  itself  in  a  musical 
note.     But,  as  Mr.  Duddell  points  out,  it  will  not  take  place  if  cored 
carbons  are  used,  and  it  will  not  take  place  if  metallic  electrodes  are 
used.     It  seems  to  be  perfectly  clear  from  his  experiments  that  the 
reason  why  it  will  not  take  place  with  a  metallic  electrode  is  because 
the  arc  vanishes  too  quickly.    Perhaps  the  reason  why  it  will  not  take 
place  with  the  cored  carbons  is  that  the  conducting  vapour  remains  too 
long.     In  that  case  I  should  like  to  know  whether  the  sound  will  be 
produced  by  cored  carbons  if  blown  upon  by  a  gentle  current  of  air. 

Certainly  one  of  the  most  practically  important  parts  of  Mr. 
Duddell's  paper  is  the  final  section,  in  which  he  deals  with  the  question 
of  switch  contacts,  and,  if  I  mistake  not,  that  will  cause  some  heart- 
searching  to  those  who  have  been  responsible  for  the  manufacture  of  high- 
tension  switches.  Hitherto  the  idea  has  been  in  the  minds  of  every  one 
of  us  that  what  a  high-tension  switch  ought  to  do  is  to  have  jaws  which 
fly  apart  as  quickly  as  possible,  and  break  the  arc  as  rapidly  as  possible. 
That,  according  to  these  experiments,  is  exactly  what  it  ought  not  to  do. 
I  lately  came  across,  in  a  technical  journal,  an  elaborate  description  of 
a  switch  for  high-tension  purposes.  It  was  to  be  made  of  non -arcing 
metals.  I  suppose  Mr.  Duddell  will  tell  us  that  that  is  exactly  how  not 
to  do  it,  and  that  what  we  want  to  do  in  constructing  a  switch  of  that 
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Dr.  Fleming,  kind  is  not  to  destroy  the  arc,  but  to  encourage  the  arc,  only  it  must 
be  an  arc  which  is  under  perfect  control,  and  which  you  can  whittle 
away  by  degrees,  having  it  under  |>erfect  control  until  it  is  finally 
extinguished. 

I  recollect  trjring  many  experiments  with  carbon  poles  underneath 
the  surface  of  water  drawn  apart  in  the  endeavour  to  combat  some  of 
those  very  difficulties  which  Mr.  Duddell  alludes  to  at  the  end  of  his 
paper,  when  he  speaks  about  the  risks  and  dangers  of  interrupting 
alternating  currents  in  concentric  cables.  I  suppose  there  is  no  question 
that  some  of  those  effects  have  been  due  to  the  very  things  he  has 
explained  to  us  to-night. 

There  is  one  other  point  I  should  like  to  notice,  viz.,  experiments 
with  the  induction  coil.  It  is  well  known  to  every  one  who  handles 
induction  coils  that  although  a  coil  will  work  well  with  a  certain 
number  of  cells,  taking,  we  will  suppose,  five  amperes  and  working  with 
ten  volts,  yet  if  you  try  to  work  that  coil  upon  a  loo-volt  circuit,  and  put 
in  a  resistance  to  keep  the  current  down  to  five  amperes,  it  will  not  work 
at  all.  You  get  a  very  reduced  secondary  spark  out  of  it.  And  the 
explanation  is  clear.  When  you  have  the  higher  voltage,  as  the  contact 
points  separate  the  arc  is  drawn  out,  and  the  decay  of  the  magnetism 
of  the  core  is  therefore  hindered,  which  is  exactly  what  you  do  not 
want.  Therefore  the  moral  of  these  things  is,  that  in  the  contact  of  an 
induction  coil  you  must  do  exactly  the  opposite  to  that  which  ought  to 
be  done  when  constructing  high-tension  switches.  I  am  sure  all  this 
portion  of  Mr.  Duddell's  paper  will  have  valuable  consequences  in 
directing  those  responsible  for  the  design  of  large  switches  to  consider 
their  ways  and  be  wise. 

Mr.  Trotter.  Mr.  A.  P.  Trotter  {communtcaUd)  :  The  fact  that  I  have  published 
so  little  about  my  researches  on  the  rotatory  phenomena  of  the  direct- 
current  arc,  makes  me  reluctant  to  criticise  those  parts  of  Mr.  Duddell's 
paper  which  cover  the  same  ground,  and  if  I  did  differ  with  him  on  a 
few  isolated  points,  I  do  so  without  diminishing  my  esteem  for  the 
paper  as  it  appears  in  print,  and  my  admiration  for  the  experiments 
with  which  it  was  so  brilliantly  illustrated. 

The  sensitiveness  of  the  arc  to  small  variations  of  the  current  was 
brought  to  my  attention  by  the  clicks  which  corresponded  to  the 
commutator  sections  of  a  little  motor  which  I  used  to  drive  my  strobo- 
scopic  discs.  The  motor  was  in  shunt  to  part  of  an  iron-wire  resistance 
in  series  with  the  arc.  I  used  about  20  amperes  on  a  loo-volt  circuit. 
The  motor  took  about  one  ampere  ;  I  substituted  an  induction  coil  for 
the  motor,  and  the  hum  or  squeak  of  the  contact  maker  was  clearly 
reproduced  by  the  arc.  In  both  of  these  cases  the  main  current  was 
not  interrupted,  but  a  small  change  was  made  in  a  shunt.  I  used  to 
work  late  at  night,  and  did  not  attempt  serious  work  until  I  knew  by 
the  soimd  that  the  Kensington  Court  dynamos  had  shut  down,  and 
that  the  supply  was  derived  from  the  batteries. 

I  do  not  tliink  that  the  model  exhibited  to  show  the  rotation  of  the 
arc  gave  a  good  idea  of  the  actual  conditions.  The  crater  is  horizontal, 
with  a  good  arc  between  vertical  carbons.  With  a  silent,  fairly  short 
irc  the  cupped  surface  appears  to  be  uniformly  luminous,  but  on  gradually 
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increasing  the  current,  and  before  the  hum  begins,  photometrical  Mr. Trotter, 
examination  shows  the  rotatory  phenomenon.  The  bright  spot  is  the 
"  head  "  of  the  comma-like  patch  of  luminosity.  This  spins  round,  but 
always  within  the  crater,  and  it  can  never  be  *'  on  the  other  side  of  the 
+  carbon "  as  Mr.  Duddell  suggests,  unless  the  arc  be  very  long,  and 
the  +  carbon  rounded  instead  of  being  flat  or  cupped,  and  the  arc  very 
irregular.  I  think  Mr.  Duddell  has  rather  exaggerated  the  extent  of 
the  rotation,  perhaps  by  way  of  making  the  point  more  clear.  But 
I  agree  with  him  generally  that  the  periodic  variation  of  the  light 
is  most  probably  due  to  the  fact  that  any  one  portion  of  the  crater 
supplies  at  one  time  a  brilliant  and  at  another  time  a  less  brilliant  light 
to  the  oscillograph  mirrors.  Unless  the  whole  of  the  light  can  be 
collected  and  dealt  with,  I  do  not  think  that  the  author  is  justified  in 
saying  that  "  the  light "  varies  with  the  frequency  of  the  hum.  It  is  not 
unlikely,  however,  that  the  total  light  does  vary ;  but  this,  on  account  of 
the  variation  of  current  rather  than  on  the  strength  of  the  author's 
photographs. 

In  1894  I  observed  the  variation  of  the  current  by  means  of  a 
telephone  wound  with  thick  wire  carrying  the  whole  current  of  20 
amperes.  I  made  some  attempt  to  measure  the  variation,  as  an  alter- 
nating current,  but  I  had  not  the  means  for  doing  so  :  this  was  one  of 
the  matters  which  I  wished  to  investigate  before  publishing  an3rthing 
more.  Other  matters  which  I  have  regarded  as  indispensable  features 
of  an  account  of  the  humming  arc  are  a  set  of  photographs  of  the  "  white 
spot,"  the  "  comma,"  and  the  "  butterfly,"  and  an  investigation  of  the 
relation  between  periodicity,  of  hum,  current,  and  length  of  arc.  The 
variation  of  current  has  been  admirably  measured  by  Mr.  Duddell,  but 
he  has  not,  I  think,  thrown  any  light  on  the  cause  of  the  variation.  We 
merely  have  his  statement,  that  with  a  humming  arc  the  current  and 
the  volts  and  the  light  vary  with  the  frequency  of  the  hum.  I  see  no 
likelihood  of  being  able  to  continue  my  research  at  present,  and  I  should 
be  glad  to  see  Mr.  Duddell  or  some  equally  competent  investigator  take 
it  up  where  I  left  o£F.  I  think  that  I  can  account  for  the  rotation,  but 
I  am  quite  unable  to  understand  the  variation  of  the  current. 

After  a  long  study  of  enlarged  images  of  silent,  humming,  and  hissing 
arcs,  the  author's  diagrams.  Figs.  6  and  7,  do  not  convince  me  that  Mrs. 
Ayrton  is  justified  in  suggesting  that ''  the  hissing  arc  is  also  probably 
rotating."  Examination  of  the  images  of  hissing  arcs  with  various 
kinds  of  stroboscopic  discs  has  not  disclosed  either  rotation  or 
periodicity.  The  diagrams  show  exactly  what  might  be  expected 
from  a  phonograph  reproduction  of  a  hiss.  The  image  of  the  crater 
of  a  hissing  arc  shows  a  patch  or  patches  of  brilliant  luminosity  jumping 
about :  I  can  find  no  better  expression.  They  may  flicker  with  more 
or  less  regularity  for  a  second  or  two,  but  with  an  ordinary  hissing  arc 
the  behaviour  is  erratic  and  capricious.  Fig.  6  shows  three  waves 
having  a  periodicity  of  about  one  hundredth  of  a  second  ;  if  this  were 
continued  for  an  appreciable  period  it  would  give  a  hum,  sounding  the 
lower  G  of  the  bass  clef,  and  in  so  far  as  any  periodicity  exists,  the  arc 
is  a  humming !  arc  as  well  as  a  hissing  arc.  As  in  the  case  of  the 
humming  arc,  the  record  of  the  oscillograph  cannot  be  accepted  af 
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indicating  the  variation  of  the  whole  light  unless  the  whole  light  is  dealt 
with. 

Of  the  remainder  of  the  paper  I  will  say  nothing  but  to  repeat  my 
admiration,  and  of  the  parts  to  which  I  have  referred  I  would  say, 
without  disparagement,  that  they  serve  to  fill  up  chinks  between  the 
classical  paper  on  the  Hissing  Arc  and  one  on  the  Humming  Arc,  which 
has  not  yet  been  written.  He  who  has  time  and  opportunities  for 
writing  the  latter  has  some  fascinating  work  to  do. 

Mr.  M.  O'Gorman  (communicated) :  Mr.  Duddell,  with  admirable 
self-restraint,  puts  the  suggestion  of  damage  to  concentric  cables  from 
the  sudden  interruption  of  an  arc  between  metal  contacts  in  the  shape 
of  a  question.  His  suggestion  is  very  probably  right  in  certain  cases, 
but  I  think  these  cases  are  at  present  rare,  for  several  reasons. 

1.  The  capacity  needed  to  extinguish  suddenly  a  metallic  arc  when 
the  voltage  was  200  was  shown  by  his  experiments  to  be  considerable 
— as  cable  capacities  go.  (The  entire  eleven  miles  of  the  Ferranti 
Deptford  main  has  only  a  capacity  of  3*8  microfarads,  and  Mr.  Duddell 
used  5  mfd.). 

2.  That  capacity  must  be,  so  to  speak,  immediately  available,  not 
separated  from  the  arc  to  which  it  is  a  shunt  by  either  self-inductions 
or  a  resistance,  one  or  both  of  which  are  almost  always  present  in  the 
armature  of  the  dynamo,  motor,  &c.,  if  not  in  the  mains,  through  which 
the  cable  capacity  acts  on  the  arc  of  a  switch. 

3.  The  capacity  is  almost  invariably  shunted  in  low-tension  systems 
by  the  non-inductive  filaments  of  the  lights  which  are  not  extinguished 
at  the  time  of  the  operation  of  the  switch  under  consideration,  for  the 
load  on  a  central  station  of  any  magnitude  such  as  would  have  a  large 
capacity  on  its  mains  never  falls  to  zero. 

4.  The  leakage  from  main  to  main  is  almost  invariably  sufficient  to 
allow  a  normal  current  of  a  few  amperes  to  flow ;  thus  the  capacity 
shunting  the  arc  is  itself  shunted  by  a  small  resistance,  say  100 
ohms,  even  supposing  the  arc  to  be  struck  when  there  are  no  non- 
inductive  filaments  connected. 

5.  It  was  proved  by  Northrup  and  Pierce  {Electrical  World,  Nov,  6, 
1897),  >o  ^  paper  quoted  by  Steinmetz,  that  the  disruptive  effect  of  high- 
frequency  oscillations  from  a  condenser  and  self-induction,  or  the  peaky 
volt  surgings  from  an  induction  coil,  is  much  less  than  that  of  a 
sinusoid  alternating  voltage,  on  heavy  insulating  oils  (which  are  the 
basis  of  the  bulk  of  modern  concentric  cables).  Hence  2,000  volts  does 
not  of  itself  always  mean  a  very  heavy  puncturing  effect  applied  to  a 
cable,  though  it  may  mean  a  great  deal  with  a  piece  of  dry  paper,  the 
path  across  which  is  practically  an  air-gap. 

On  high-tension  mains  in  ordinary  practice  we  arc  far  from  getting 
the  short  snappy,  almost  explosive  extinction  of  the  spark  which 
Mr.  Duddell  got  on  each  occasion  signalised  by  the  paper  puncturing, 
and  I  have  been  unable  to  speak  to  any  one  who  has  seen  such  a  sudden 
interruption  of  the  arc  in  practice  on  the  mains.  This  is  due  to  two 
facts.  First,  that  a  D.P.  switch  is  always  used  which  disconnects  the 
condenser  from  the  circuit  while  breaking  it ;  and  secondly,  if  one  limb 
of  the  switch  operates  before  the  other  has  begun  to  arc,  as  is  frequent, 
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or  if  a  single-pole  switch  is  used,  the  condenser  is  not  directly  in  shunt  Mn 
across  the  metal  arc  between  the  contacts,  but  is  across  them,  in  series 
with  the  self-inductions  of  the  line  and  some  part  of  the  load  in  parallel 
with  the  alternator.  Whether  alternating  generators  having  small  self- 
induction  are  for  this  reason  to  be  preferred,  is  a  question  which  is 
probably  settled  by  the  fact  that  all  alternators  now  made  have  such 
resistance  and  self-induction  that  sparks  are  not  usually  swamped  with 
this  dangerous  suddenness. 

Every  one  who  heard  Mr.  Duddell's  paper  must  agree  that  he  may 
justly  feel  proud  of  his  brilliant  success,  both  in  research  work  and  in 
demonstration. 

Dr.  E.  W.  Marchant  {communicated)  :  There  is  a  question  which  is  Sarchant. 
of  some  interest  in  connection  with  one  of  the  experiments  Mr.  Duddell 
showed  at  the  demonstration  on  December  13th.  I  refer  to  that  in 
which  the  music  of  the  arc  was  first  changed  in  note,  then  stopped 
altogether  by  the  introduction  of  an  iron-wire  core  into  the  self-induc- 
tion he  was  using. 

Apart  altogether  from  phenomena  produced  by  energy  absorption, 
the    increased  self-induction  of   the   coil   produces  an  increased  im- 
pedance of   the  circuit,  and  a   consequently  decreased    alternating 
current  in  the  circuit,  the  impressed  P.D.  remaining  constant.    This 
reduced  current  gives  rise  to  a  diminished  expansion  and  contraction 
of  the  vapour  column,  and  consequently  a  note  of   less  intensity  is 
beard.    At  the  same  time,  the  absorption  of  energy  in  the  core  pre- 
vents the  amplitude  of  the  oscillations  in  the  circuit  increasing  beyond 
a  certain  limit ;  they  are  damped  out  too  quickly.    I  wish  to  draw 
attention  more  particularly  to   the  causes  of  the  energy  absorption. 
Mr.  Duddell  describes  the  effect  as  being  due  to  hysteresis,  but  I  think 
he  should  describe  it  as  an  effect  partly  due  to  hysteresis  and  partly  to 
eddy  current  loss.     It  does  not  seem  to  be  generally  recognised  that 
the  eddy  current  loss  in  iron  is  always  very  much  greater  than  in  any 
other  metal,  copper  for  instance.     In  several  instances  descriptions  of 
effects  produced  by  iron  wires  that  are  not  produced  by  copper  wires 
have  been  published,  and  the  cause  of  the  difference  in  behaviour  of 
the  two  metals  at  once  put  down  to  hysteresis  without  taking  account 
of  eddy  currents,  quite  forgetful,  apparently,  of  the  fact  that  eddy- 
current  loss  in   iron  wires  at  ordinary  induction  densities,  is  many 
thousands  of  times  greater  than  in  copper,  in  spite  of  the  relatively 
great  conductivity  of  copper.     For  example  with   No.  28  soft  iron 
wires,  with  an  induction  density  of  about  15,000  lines  per  sq.   cm. 
and  a  frequency  of  1,000,  the  eddy-current  loss  is  double  that  which  is 
due  to  hysteresis.     It  would  seem,  therefore,  in  this  experiment  that 
eddy  currents  are  at  least  as  potent  as  hysteresis. 

The  very  interesting  experiment  shown  by  Mr.  Duddell  with  an 
induction  coil,  in  which  the  spark  length  from  the  secondary  was 
increased  by  connecting  the  condenser  the  instant  after  the  spark  was 
formed  at  the  contact  breaker,  is  capable,  I  think,  of  a  comparatively 
simple  explanation.  The  experiments  preceding  this  proved  that 
the  P.D.  induced  between  metal  electrodes  is  higher  when  the  con- 
denser is  suddenly  switched  on  with  the  arc  burning,  than  when  thf 
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current  is  suddenly  switched  on,  the  condenser  being  always  in  con- 
nection. 

When  a  condenser  is  switched  on  between  the  terminals  of  a  spark- 
gap,  oscillations  are  set  up  in  the  condenser  circuit  (the  frequency  of 
the  oscillations  depending  on  the  conditions  of  the  circuit)  which  may 
enable  the  arc  to  restrikc.  If,  however,  the  time  at  which  the  con- 
denser is  switched  on  be  so  regulated  that  the  arc  will  just  not  restrike, 
the  current  through  the  coil  is  annulled  with  great  suddenness,  at  a 
rate  calculable  from  the  conditions  of  the  circuit.  If,  on  the  other 
hand,  the  condenser  be  applied  from  the  beginning  of  the  break,  the 
arc  will  be  able  to  restrike,  and  rapidly  alternating  currents  will  traverse 
the  metal  arc  until  the  distance  between  the  contact  points  has  so  far 
increased  as  to  prevent  this.  In  other  words,  the  cause  of  the  phe- 
nomenon is  the  fact  that  the  rate  of  flow  of  current  into  a  condenser, 
and  the  consequent  rate  of  extinction  of  the  current  through  the  induc- 
tion coil,  has  its  maximum  value  when  the  condenser  is  first  con- 
nected, a  fact  known  from  the  solution  of  the  equations  determining  the 
charge  of  a  condenser. 

I  can  only  add  my  congratulations  to  Mr.  Duddell  on  his  admirable 
paper,  and  still  more  admirable  experiments. 

Mr.  Alexander  Russell  (communicated) :  For  his  wonderful  dis- 
covery of  a  simple  method  of  obtaining  alternating  currents  of  high 
frequency  from  the  direct-current  mains,  Mr.  Duddell  deserves  the 
grateful  thanks  of  all  electricians.  In  case  any  of  those  who  did  not 
hear  Mr.  Duddell  may  think  that  the  method  requires  elaborate  appa- 
ratus or  careful  tuning,  the  following  account  of  a  rough  experiment 
with  an  ordinary  direct-current  arc  lamp  may  prove  instructive.  The 
lamp  was  run  direct  from  the  hundred-volt  street  mains  through  a 
resistance,  and  had  the  ordinary  shunt  and  series  regulating  coils.  A 
coil  of  no  yards  of  7/15  cable  about  2  feet  in  diameter,  wrapped  up  as  it 
came  from  the  makers,  was  put  in  series  with  a  condenser,  and  the  two 
were  placed  as  a  shunt  between  the  carbons.  The  condenser  was  a 
very  roughly  made  one  of  about  1*9  microfarad  capacity,  and  was 
similar  to  those  used  with  ordinary  induction  coils.  On  switching  on 
the  current,  which  was  about  twelve  amperes,  a  high  musical  note 
could  be  heard  very  occasionally,  but  on  reducing  the  current  the  note 
became  continuous.  Placing  another  coil  of  cable  in  the  neighbour- 
hood of  the  first  coil,  it  was  easy  to  feel  and  easy  to  see  by  the  sparking 
on  breaking  the  circuit  that  powerful  induction  effects  were  taking 
place  between  the  two  coils.  The  induced  E.M.F.  could  also  be  read 
on  a  hot-wire  voltmeter  up  to  a  distance  of  two  or  three  feet  between 
the  coils. 

A  Siemens*  electro-dynamometer  placed  in  the  main  circuit  read 
3  amperes  (C),  and  another  in  the  condenser  circuit  read  2*1  amperes 
(I).  The  resistance  of  the  coil  of  cable  and  of  the  dynamometer  and 
leads  was  about  0*25  ohms  (R),  and  the  musical  note  given  out  by  the 
arc  showed  that  the  frequency  of  the  alternating  current  was  about 
two  or  three  thousand  per  second.  The  P.D.  between  the  carbons  was 
48  volts,  and  the  current  in  the  main  circuit  did  not  appreciably  alter 
when  the  condenser  circuit  was  switched  on  and  off. 
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The  power-factors  of  the  arc  and  the  condenser  circuit  can   be   Mr.  RusseU. 
easily  found.    Let  V  +  ^  be  the  P.D.  between  the  carbons  where  V  is 
a  constant  and  e  varies,  then,  as  is  well  known,  the  efiFective  P.D.  will  be 

V V"  +  Iff  where  v  is  the  effective  value  of  e.  Let  also  R  be  the 
resistance  of  the  condenser  circuit,  shunting  the  arc  when  the  con- 
denser is  short-circited,  and  let  I  be  the  effective  value  of  the  instan- 
taneous current  in  this  circuit,  then  the  power  expended  in  it  will  be 
R  I*  -h  H,  where  H  represents  the  power  expended  in  the  condenser 
and  in  neighbouring  metallic  circuits.  When  we  can  neglect  H,  the 
power-factor  of  the  condenser  circuit 

true  watts 


apparent  watts 
RP 


^       RI 

=  o*oii. 

[On  switching  off  the  condenser  circuit  the  P.D.  fell  from  48  to  40. 

Hence  ^ V» -h  i^  =  48,  V  =  40 
.'.  r  =  27 
In  practice  v  and  I  do  not  remain  steady  for  more  than  a  few  seconds 
at  a  time,  and  vary  between  wide  limits.] 

If  C  be  the  current  in  the  main  circuit,  then  the  alternating  com- 
ponent in  C  is  very  small,  and  so  we  can  consider  C  as  constant. 

The  instantaneous  power  |  =  (V  -|-  z»)  (C  —  t) 
expended  in  the  arc      )=VC  —  ri-hi;C— Vi. 

Now  the  mean  value  of  the  last  two  terms  for  a  complete  period  is 
zero,  and  the  mean  value  of  —  r  1  is  —  R  P. 

.'.  Power  expended  in  arc  =  V  C  —  R  I' 

V  C  —  R  P 
.*.  Power-factor  of  the  arc  =  — — r— . 

=  o-68. 

The  current  through  the  arc  is  of  course  J\^  -|-  C,  i.^.,  3*66  amperes. 
The  p)ower-factor  of  both  arc  and  condenser  circuit  taken  together 

_VC  — Rl'-f  RP 
_       V 

Hence,  as  Professor  Ayrton  pointed  out,  we  have  part  of  a  direct- 
current  circuit  with  a  power-factor  less  than  unity.    The  determination 
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of  V  is  not  very  easy  when  v  is  small,  as  V  and  ^Y^  -|-  v^  are  nearly  equal 
to  one  another.     For  example,  if  V  is  48  and  v  is  6,  then  the  difference 

between  V  and  ^V^-f  v*  is  only  0*37  of  a  volt 

Mr.  Duddell  mentions  that  for  a  very  rapid  rise  of  1,  v  shows  an 
initial  rapid  rise,  and  hence  v  and  i  will  have  the  same  sign.  This 
seems  to  indicate  that  when  the  frequency  of  the  natural  vibration  of 
the  condenser  circuit  is  greater  than  10,000  it  may  be  impossible  for  its 
current  to  absorb  sufficient  energy  from  the  arc  to  keep  up  the  vibra- 
tions, and  hence  the  phenomenon  would  cease.  As  Mr.  Duddell  has 
not  yet  published  his  experiments  on  the  resistance  of  the  electric  arc, 
it  perhaps  would  be  hardly  fair  to  ask  him  to  elucidate  more  fully  some 
of  the  results  in  connection  with  it  he  has  mentioned.  So  far  as  inte- 
rest and  importance  are  concerned,  the  paper  by  Messrs.  Duddell  and 
Marchant  on  alternate  current  arcs  was  hard  to  beat^  but  I  think  Mr. 
Duddell  has  done  it. 

Mr.  W.  C.  Clinton  (communicated) :  The  extinction  of  the  metal 
arc  when  shunted  by  a  condenser  is  probably  materially  assisted  by  the 
superior  conductivity  of  metal  electrodes.  In  confirmation  of  this  it  may 
be  noted  that  extinction  under  given  conditions  is  certain  with  copper 
poles,  less  certain  with  zinc,  and  does  not  take  place  with  carbon.  It 
would  be  interesting  to  know  whether  extinction  is  accomplished  with 
the  same  certainty  using  copper  after  the  arc  had  been  running  for,  say, 
an  hour,  and  everything  was  thoroughly  hot. 

Mr.  W.  Duddell  (in  reply)  [communicated  February  22,  1901]  :  To 
the  interesting  remarks  made  by  Professor  Ayrton  on  the  connection 
between  my  experiments  and  those  of  Messrs.  Frith  and  Rodgers,  and 
on  the  bearing  of  these  experiments  on  the  value  of  the  resistance  of 
the  arc,  I  will  make  no  reply,  as  I  hope  at  an  early  date  to  enter  very 
fully  into  this  subject. 

The  fact  that  the  power  factor  of  a  direct  current  hissing  arc  is  less 
than  unity  is  evident  from  Figs.  6  and  7,  and  its  value  could  be  calcu- 
lated from  them.  Mr.  Alexander  Russell  justly  points  out  that  the 
power  factor  of  the  Musical  Arc  is  also  less  than  unity  ;  in  fact,  if  an 
arc,  or  any  other  conductor  which  has  a  resistance  or  an  E.M.F. 
depending  on  the  strength  of  the  current,  forms  part  of  a  circuit 
through  which  a  varying  current  flows,  so  that  the  instantaneous  values 
of  the  P.D.  and  current  do  not  have  a  constant  ratio,  then  the  power 
factor  of  that  circuit  will  be  less  than  unity. 

Dr.  Fleming,  in  his  explanation  of  the  phenomena  of  the  Musical 
Arc,  assumes  that  the  arc  is  extinguished  at  each  oscillation  ;  but  this  is 
not  necessarily  the  case,  as  by  changing  the  conditions  of  the  arc,  the 
current  can  be  caused,  either  to  vary  over  a  very  limited  range  without 
at  any  instant  becoming  very  small,  or  it  may  be  caused  to  vary  over 
such  a  large  range  that  actual  reversal  of  the  direction  of  the  current 
through  the  arc  takes  place,  the  arc  current  becoming  practically  an 
unsymmetrical  alternating  current. 

Dr.  Fleming  also  asks  whether  cored  carbons  can  be  used  if  the  arc 
be  blown  upon  by  a  gentle  current  of  air.  Intermittent  arcs  can  cer- 
tainly be  obtained  between  cored  carbons  by  this  means  ;  in  fact,  so  far 
as  I  have  tried,  intermittent  arcs  can  be  produced  between  any  elec- 
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trodes  with  suitable  drcoit  cooditioos  and  blowing  either  by  means  of  Vr.  iMMtO 
a  magnet  or  a  corrent  of  air.  This  latter  phenomenon,  where  the  arc 
iSy  so  to  say,  mechanically  extinguished  and  relights,  must  not  be  con> 
founded  with  the  Musical  Arc,  which  depends  for  its  action  on  a  certain 
specific  property  of  the  arc  considered  simply  as  an  electrical  conduc- 
tor, no  actual  extinctions  or  intermittances  of  the  arc  being  necessary 
for  the  phenomena  to  maintain  themselves  continuously. 

Dr.  Marchant  raises  the  question  of  the  connection  between  the 
value  of  the  alternating  current  in  the  condenser  circuit  shunting  the 
arc,  and  the  frequency.  1  have  measured  this  current,  and  I  find  it 
very  Uttle  affected  by  change  in  frequency ;  this  is  probably  due  to  the 
fact  that  the  periodic  time  of  the  current  is  alw*ays  the  same  as  the 
periodic  time  of  the  circuit,  so  that  it  is  the  resistance  of  the  shunt 
circuit  which  determines  the  flow  of  the  current  and  not  its  self- 
induction  or  capacity.  Dr.  Marchant  says  that  "  eddy  current  loss  in 
iron  is  many  thousand  times  greater,  at  ordinary  induction  densities, 
than  in  copper,"  but  is  this  a  fact  ?  If  the  induction  is  the  same,  then 
the  loss  in  copper,  other  things  being  equal,  is  greater  than  in  iron. 
Does  not  Dr.  Marchant  mean  for  the  same  magmiising  force  f  Taking 
the  case  of  the  experiment  shown  at  the  meeting  of  an  iron  wire  core 
introduced  into  the  self-induction  coil  stopping  the  note.  The  coil  used 
consisted  of  98  turns  of  No.  12  D.C.C.  wire,  mean  diameter  35  cms. 
Self-induction  without  core  5*3  x  10  "~*  henry.  The  core  used  con- 
sisted of  a  bundle  3  cms.  diameter  of  No.  26  iron  wires  54  cms.  long. 
Weight  I '9  kilogrammes.  The  frequency  was  about  950  psj  per  second 
without  the  core  and  was  reduced  by  its  introduction,  the  arc  just 
failing  to  emit  its  note  when  the  core  was  central  in  the  coil.  It  is 
improbable  that  the  induction  in  the  core  attained  1,000  lines  per  cm.* 
so  that  although  the  eddy  current  loss  is  considerable,  I  still  think  that 
the  cessation  of  the  note  was  mainly  due  to  hysterises,  though  whether 
it  was  due  to  hysterises  or  eddy  current  losses  does  not  affect  the  object 
of  the  experiment,  viz.,  to  show  that  causes  which  tend  to  dissipate  the 
energy  in  the  condenser  circuit  may  stop  the  arc  giving  its  note. 

Mr.  Clinton  asks  whether  the  extinction  of  the  metal  arc  when 
shunted  by  a  condenser  will  take  place  with  the  same  certainty  after 
the  arc  has  been  running  for,  say,  an  hour. 

I  have  no  experience  of  metal  arcs  which  have  been  running  for 
such  a  long  time ;  after  a  few  minutes  the  arc  is  burning  between 
globules  of  molten  metal,  and  in  this  condition  the  extinction  still  takes 
place.  Any  further  burning  will  not,  I  think,  materially  affect  the  con- 
ditions, as  the  molten  metal  then  drops  off  as  it  is  formed.  I  am  of  the 
opinion  that  the  suddenness  does  depend  on  the  quickness  with  which 
the  vapour  condenses  under  the  given  conditions ;  thus,  if  the  whole 
space  in  which  the  arc  was  burning  was  at  a  higher  temperature  than 
the  temperature  of  volatilisation  of  the  metal,  I  should  expect  that 
extinction  would  not  be  produced. 

In  connection  with  the  subject  of  the  dangers  of  capacity  shunting 
the  switch  contacts  in  inductive  circuits,  Mr.  O'Gorman  advances 
several  reasons  for  thinking  that  at  present  such  dangers  are  rare.  I 
am  not,  however,  inclined  to  agree  with  him,  and  if  I  were  re-wnting 
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Mr.  Dnddefl.  my  paper  at  the  present  time,  I  should  no  longer  use  snch  self-restraint 
as  to  pot  the  suggestion  of  damage  to  concentric  cables  in  the  form 
of  a  question.  I  will  consider  the  reasons  he  gives  as  far  as  possible  in 
order. 

I.  There  are  in  use  at  the  present  time,  and  their  number  is  rapidly 
increasing,  a  considerable  number  of  concentric  cables  having  two  or 
more  microfarads  capacity,  and  these  capacities  would  be  sufficient  to 
produce  the  sudden  extinction  of  the  arc  between  the  switch  contacts 
under  my  conditions.  It  must  also  not  be  forgotten  that  the  smaller 
the  capacity,  other  things  being  equal,  the  higher  will  be  the  rise  of 
P.D.  between  the  terminals  of  the  switch,  supposing  the  arc  is  ex- 
"tinguished. 

2  and  3.  Mr.  O'Gorman  is  quite  correct  that  the  capacity  must 
directly  shunt  the  switch  contacts  and  not  be  separated  from  them  by 
any  considerable  self-induction  or  resistance.    This  actually  occurs  in 


•'X.'^*^ 


on 
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practice  in  several  cases.  I  will  take  as  an  example  the  ordinary  case 
of  switching  off  a  high  tension  concentric  cable  from  the  buss  bars,  to 
which  several  such  feeders  are  connected,  as  shown  in  Fig.  C.  The 
outers  are  all  assumed  connected  together  and  to  earth.  The  capacity 
of  the  inner  of,  say,  cable  a  to  the  inners  of  cables  b,  c,  &c.,  will  be  due 
to  the  capacity  of  a  in  series  with  the  joint  capacities  of  6,  c,  &c.,  and 
will  have  a  value  which  will  range  between  one  half,  in  the  case  of  two 
identical  cables,  and  equal,  in  the  case  of  a  large  number  of  cables,  the 
capacity  of  the  inner  to  the  outer  of  each  cable.  This  capacity  of  the 
inner  of  a  to  the  inners  of  6,  c,  &c.,  directly  shunts  the  contacts  of  the 
switch  in  the  inner  of  a,  so  that  if  an  inductive  load  be  connected  to 
the  cable,  we  have  all  the  necessary  conditions  for  a  serious  rise  in 
P.D.  between  the  switch  contacts  and  consequent  danger  to  the  cables. 
In  spite  of  Mr.  O'Gorman's  statement  at  the  end  of  his  remarks 
"  that  a  D.P.  switch  is  always  used  which  disconnects  the  condenser 
from  the  circuit  while  breaking  it,"  I  think  it  is  more  usual  in  the  case 
of  high  tension  feeders  to  employ  single-pole  switches  (Ferranti  switch 
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gear),  though  even  when  D.P.  switches  are  used  it  can  easily  be  seen  Mr.  DuddeU. 
that  they  would  not  prevent  some  considerable  capacity  from  still 
directly  shunting  the  switch  contacts.  Another  case  in  which  capacity 
directly  shunts  the  contacts  is  that  of  a  switch  in  a  substation  which 
joins  the  inners  of  two  concentric  cables.  The  insulation  resistance  of 
high  tension  cables  will  in  general  be  several  megohms,  so  that  there 
will  not  be  sufficient  leakage  to  reduce  the  danger. 

In  low  tension  networks  the  dangers  are  much  less ;  probably  the 
worst  are  those  due  to  a  short  circuit  or  to  a  large  motor  failing  to  start 
up,  resulting  in  the  action  of  some  automatic  cut-out  or  fuse  whose 
contacts,  or  those  of  the  short  circuit  itself,  are  practically  directly 
shunted  by  part  of  the  capacity  of  the  system.  If  the  capacity  is  shunted 
by  a  non-inductive  resistance  as  low  as  loo  ohms  I  should  certainly 
expect  the  danger  to  be  very  small. 

5.  Without  further  experiment  I  am  unable  to  say  what  is  the 
puncturing  effect  of  the  rises  in  P.D.  I  have  observed,  as  I  have 
alwa3rs  had  to  be  most  careful  to  keep  the  rises  well  under  control  to 
avoid  breaking  down  the  condensers.  One  thing  is,  however,  quite 
certain,  and  that  is  that  even  with  experiments  on  such  a  small  scale  as 
those  descrit>ed  in  the  paper  the  puncturing  efiFect  is  considerable. 

There  is  one  other  point  which  I  have  not  yet  alluded  to,  and  that  is 
the  question  as  to  whether  a  distributed  capacity  such  as  that  of  a 
concentric  cable  will  behave  the  same  as  a  condenser.  It  was  this 
doubt  which  led  me  to  put  my  suggestion  of  the  possible  danger  to 
cables  in  the  form  of  a  question.  Owing  to  the  courtesy  of  Mr. 
Minshall  I  have  been  able  to  test  this  point  experimentally  with  an 
actual  cable  under  more  nearly  practical  conditions,  and  I  find  that  the 
rises  in  P.D.  do  take  place  when  using  the  distributed  capacity  of  a 
concentric  cable. 

Mr.  Trotter  alludes  to  the  extreme  sensibility  of  the  arc  to  small 
variations  in  the  current  through  it.  Since  writing  the  paper  I  have 
heard  of  another  rather  interesting  example  of  this  sensibility.  Whilst 
I  was  making  experiments  on  the  Musical  Arc  at  the  Central  Technical 
College,  obtaining  my  current  from  the  street  mains,  Mr.  W.  Bradfield 
noticed  that  an  arc,  with  which  he  was  working  in  Sir  W.  de  W.  Abney's 
laboratory,  and  which  was  also  supplied  by  the  street  mains,  was  playing 

a  tune. 

Thus  this  latter  arc,  which  was  burning  under  ordinary  conditions 
and  was  not  adjusted  in  any  way  to  make  it  sensitive,  detected  the 
efiFect,  on  the  distributing  network  of  a  large  supply  station,  produced 
by  my  Musical  Arc  taking  a  current  which  was  varying  by  about  half 
an  ampere  from  the  mean,  although  the  two  arcs  were  in  totally  distinct 
buildings,  at  a  distance,  in  a  straight  line,  of  about  400  yards  from  one 
another,  and  at  a  considerably  greater  distance  if  measured  along  the 

street  mains. 

Mr.  Trotter  is  quite  correct  that  the  model  of  the  humming  arc 
shown  at  the  meeting  was  greatly  exaggerated,  but  this  was  necessary 
to  make  the  effect  visible  to  those  at  the  back  of  the  lecture  hall.  When 
I  said  that  the  light  varies,  I  thought  that  I  had  made  it  clear  that  the 
light  to  which  I  referred  was  that  given  out  in  the  direction  of  my  lens. 
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Mr.  Duddcu.  ^  j  ^^  ^^  ^^^  ^^^^  q£  ^y  section  on  the  humming  arc  the  expresssion 
"  the  light  emitted  in  a  given  direction."  In  order  to  make  this  quite 
clear  I  have  inserted  the  words  "  in  a  given  direction"  into  my  conclu- 
sions at  the  end  of  the  paper. 

It  is  admitted,  I  think,  that  the  humming  arc  rotates.  Suppose  it  is 
once  started  in  rotation,  it  cannot  continue  so  without  some  force  or 
forces  are  acting  on  it  tending  to  maintain  the  rotation.  The  question 
is,  what  is  the  nature  of  these  forces  ?  At  first  sight  there  are  two 
possible  causes  outside  the  arc  itself  which  may  tend  to  maintain  the 
rotation  and  humming.  I  refer  to  convection  currents  of  air  and  to 
the  effect  of  a  magnetic  field.  The  first  of  these  does  not  seem  to  be 
the  true  explanation,  as  the  arc  will  hum  in  any  position  even  with  the 
carbons  horizontal ;  the  second,  the  magnetic  field,  is  also  for  a  similar 
reason  excluded ;  in  fact,  the  arc  will  still  hum  even  if  deflected  to  one 
side  of  the  crater  and  kept  there  by  means  of  a  magnet.  So  that 
neither  of  these  causes  seems  able  to  supply  a  satisfactory  explanation  of 
the  rotation  of  the  arc  observed  when  humming. 

Within  the  arc  itself  there  is  a  possible  cause  for  the  rotation,  viz., 
if  the  arc  is  burning  between  any  two  points,  and  there  exist  contiguous 
to  them  any  two  other  points  between  which  the  current  would  do  less 
work  in  maintaining  the  arc,  then  the  arc  will  tend  to  move  from 
between  the  former  to  between  the  latter  points — that  is,  under  ordi- 
nary conditions  the  arc  will  tend  to  move  to  between  those  points 
requiring  the  lower  P.D.  Suppose  the  arc  is  rotating,  I  will  call  the 
side  of  the  spot  where  the  current  passes  from  the  carbon  to  the  gas, 
which  leads  in  the  direction  of  rotation,  and  which  is  constantly  moving 
to  points  on  the  end  of  the  carbon  through  which  no  current  was  passing, 
the  leading  side.  In  order  that  the  arc  may  continue  to  rotate,  it  is  neces- 
sary that  the  leading  side  should  be  moving  into  successive  positions  which 
require  less  P.D.  to  maintain  the  arc  than  do  the  other  sides.  There  are 
three  possible  causes  of  such  an  effect,  (i)  The  ends  of  the  carbons  may 
be  nearer  together  at  the  leading  side  than  elsewhere.  (2)  The  oxygen 
of  the  air  may  obtain  better  access  to  the  leading  side,  either  directly  or 
by  being  absorbed  in  the  carbons.  (3)  The  temperature  gradient  at 
the  leading  side  may  be  different  to  elsewhere.  Of  these  (i)  does  not 
seem  to  be  the  true  cause  of  the  rotation,  as  the  arc  will  often  move 
from  burning  between  points  at  a  shorter  distance  apart  to  between 
those  at  a  longer ;  though  a  variation  in  distance  in  conjunction  with 
the  rotation  of  the  arc  may  well  be  the  cause  of  the  observed  variation 
in  P.D.  and  current.  (2)  The  direct  access  of  the  oxygen  of  the  air  to 
the  hot  carbon  and  its  combination  with  it  would  seem  to  tend  to  stop 
the  rotation,  as  it  would  be  less  likely  to  combine  with  the  cooler  carbon 
at  the  leading  side  and  produce  a  drop  in  P.D.  there,  such  as  Mrs. 
Ayrton  discovered  in  her  experiments  on  hissing,  than  to  combine 
with  hotter  carbon  at  the  other  sides.  It  is  difi&cult  to  say  whether 
the  oxygen  absorbed  in  the  carbon  would  behave  in  the  same 
way.  (3)  The  possible  less  temperature  gradient  at  the  leading  side 
seems  to  me  one  of  the  most  probable  causes  of  the  rotation,  though 
considerably  more  experimental  evidence  as  to  its  effect  on  the  P.D. 
required  to  maintain  the  arc  is  necessary  before  any  very  definite 
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opinion  can  be  expressed.     If  the  opportunity  offers  I  hope  to  continue   ^^-  Duddcii 
my  experiments  on  humming  along  this  line. 

In  conclusion,  I  wish  to  express  my  thanks  to  the  members  of  the 
Institution  for  the  very  kind  way  in  which  they  received  my  paper.     I  * 
wish  also  to  thank  Messrs.  G.  Wall,  L.  Murphy,  R.  M.  Moberly,  and 
J.  F.  Hunt  for  the  untiring  way  in  which  they  helped  me  to  prepare  and 
carry  out  the  experiments  shown  at  the  meeting. 

The  President  :  I  will  now  ask  you  to  give  a  vote  of  thanks  to  The 
Mr.  Duddell  for  his  paper.    I  really  do  think  we  have  had  the  most 
extraordinary  luck  this  session  with  regard  to  having  good  papers,  and 
I  think  this  is  one  of  the  best. 

The  vote  was  carried  with  acclamation. 


J^ 
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The  Three  Hundred  and  Fifty-Fifth  Ordinary  General 
Meeting  of  the  Institution  was  held  at  the  Institution  of 
Civil  Engineers,  25,  Great  George  Street,  Westminster, 
on  Thursday  evening,  December  20th,  1900,  Professor 
John  Perry,  F.R.S.,  President,  in  the  Chair. 

The  minutes  of  the  Ordinary  General  Meeting  held  on 
December  13th,  1900,  were  read  and  approved. 

The  names  of  new  candidates  for  election  into  the 
Institution  were  announced,  and  it  was  ordered  that  they 
should  be  suspended. 

The  following  transfer  was  announced  as  having  been 
approved  by  the  Council  : — 

From  the  class  of  Associate  Members  to  that  of 
Members — 

Francis  E.  Procter. 

Donations  to  the  Library  were  announced  as  having  been 
received  since  the  last  meeting  from  Mons.  G.  EilBfel,  to  the 
Building  Fund  from  Messrs.  J.  S.  Highfield,  G.  F.  R. 
Jacomb-Hood,  and  R.  H.  Sperling,  and  to  the  Benevolent 
Fund  from  Mr.  J.  S.  Highfield,  to  whom  the  thanks  of  the 
meeting  were  duly  accorded. 

Messrs.  Hal  Williams  and  Alan  Williams  were  appointed 
scrutineers  of  the  ballot  for  the  election  of  new  members. 

The  following  paper  was  read  : — 

THE    ELECTRICAL    ENGINEERS    R.E.    IN    SOUTH 

AFRICA. 

By  LiEUT.-CoLONEL  R.  E.  Crompton,  E.E.  (R.E.)  V., 

Past-President. 

At  the  request  of  your  President  I  have  prepared  a 
narrative  of  the  war  services  of  the  small  body  of  electrical 
engineers  who  left  England  early  in  the  spring  of  this  year 
for  South  Africa  and  who  have  now  returned. 
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I  must  commence  by  reminding  you  that  the  corps  of 
Electrical  Engineers  R.E.  Volunteers  was  raised  by  the 
help  of  this  Institution  in  order  to  enable  electrical 
engineers  to  place  their  services  at  the  disposal  of  the 
country  in  case  of  need.  It  is  acknowledged  that  every 
year  electrical  appliances  will  be  more  and  more  used  in 
military  operations.  Up  to  last  year  the  special  work  on 
which  the  corps  had  been  instructed  and  drilled  for  home 
service  has  been  the  management  of  the  searchlight 
apparatus  used  at  various  points  for  coast  defence,  to  which 
has  been  added  some  instruction  in  submarine  mining  and 
cognate  matters. 

As  both  officers  and  men  of  the  corps  felt  that  the 
training  which  every  one  in  the  electrical  profession  must 
go  through  has  made  us  all  handy  men,  not  only  for 
electrical,  but  for  general  mechanical  engineering  work,  we 
oflfered  our  services  for  the  war  in  South  Africa.  Our  offer 
was  accepted  in  December,  1899,  and  after  some  consulta- 
tion with  the  War  Office  an  equipment  was  designed  by 
our  own  officers  and  was  manufactured  with  such  rapidity 
that  our  first  detachment  was  ready  for  embarkation  early 
in  March. 

Five  officers  and  forty-seven  men  were  mobilised  in 
February,  and  on  the  i6th  of  March  five  officers  and  forty- 
seven  men  embarked  from  Southampton  on  ss.  Tagus.  On 
the  17th  two  officers  and  one  non-commissioned  officer 
embarked  on  the  Custodian  in  charge  of  the  equipment. 
The  equipment  has  already  been  described  in  the  technical 
journals ;  I  will  remind  you  that  it  consisted  of  port- 
able searchlights  mounted  on  carriages  somewhat  similar 
to  those  used  for  field  artillery  guns,  the  electrical  energy 
being  generated  by  dynamos  carried  on  small  compound 
steam  traction  engines.  Special  cable  carts  were  also  pro- 
vided. 

I  do  not  propose  to  take  your  time  in  giving  the  details  of 
construction  of  the  projectors,  engines,  dynamos,  or  other 
apparatus ;  those  interested  in  these  matters  will  have  full 
opportunity  of  examining  it  in  March  next,  when  the  head- 
quarters of  the  corps  are  completed. 

Although  steam  traction  engines  were  chosen,  it  was 
foreseen  that  the  oil  engines  to  which  the  cotps  is  so 
well  accustomed  at  its  annual  trainings  would  have  har' 
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Pioneer   Regiment  to  replace  the  original   railway  bridge 
which  had  been  destroyed  by  the  Boers. 

At  first  six  arc  lamps  were  found  sufficient,  and  these 
were  erected  and  worked  nightly  from  one  of  the  dynamos 
mounted  on  its  traction  engine  at  the  river-bank.  As  soon 
as  the  low-level  railway  bridge  was  completed  the  installation 
on  the  road  bridge  was  dismantled  and  transferred  to  the 
new  bridge,  the  approaches  to  which,  being  tortuous  and 
having  steep  gradients,  had  to  be  worked  by  the  engine 
drivers  with  the  greatest  caution,  so  that  for  some  days  the 
arc  lights  were  used  to  light  these  approaches. 

The  first  time  the  field  telephones  were  put  to  work  was 
at  this  place.  A  line  was  laid  across  the  bridge  for  the  use 
of  the  railway,  and  a  good  telephone  service  established. 

During  the  time  that  the  corps  was  at  Bethulie  Sergeant- 
Major  Brown,  R.E.,  and  Sapper  Phillips,  E.E.,  were  sent 
out  with  part  of  the  telephone  equipment  to  accompany  a 
flying  column  which  left  Bethulie  on  May  2nd  to  join 
General  Hart,  who  was  then  moving  south  from  Smithfi^ld. 

As  the  telegraph  line  between  Bethulie  and  Smithfield  had 
been  destroyed  the  new  field  telephones  were  brought  into 
use  to  maintain  communication  with  the  flying  column,  and 
this  was  kept  up  without  any  failure  during  the  time  the 
column  advanced  until  it  met  General  Hart.  General  Hart 
was  thus  enabled  to  be  put  into  communication  with  Lord 
Roberts  vid  Bethulie,  temporary  communication  being  made 
between  General  Hart's  camp,  one  and  half  miles  from  the 
telegraph  line,  by  bare  copper  wire  No.  22  gauge  laid  on  the 
ground  from  the  bicycle  reels  supported  by  a  special  belt 
to  the  body. 

On  the  6th  of  May  the  Unit  arrived  at  Bloemfontein  and 
was  split  up  into  two  sections,  one  going  on  direct  to  Rail- 
head, which  was  then  at  Vet  River,  the  other  section  remain- 
ing at  Bloemfontein  to  carry  out  the  electric  lighting  of  the 
goods  yard  and  locomotive  shops.  At  this  point  an  instal- 
lation of  arc  and  incandescent  lamps  was  erected  and 
worked  by  No.  i  engine  and  dynamo,  and  has  been  running 
ever  since,  the  installation  being  gradually  increased  in  size 
until  there  are  now  sixteen  arc  lamps  and  a  large  number 
of  incandescent  lamps  installed.  It  must  be  noted  that  it 
is  somewhat  of  a  feat  to  carry  out  a  temporary  job  of 
railway  lighting  of  this  kind,  and  to  work  it  continuous' 


288  CROMPTON:   ELECTRICAL  ENGINEERS  R.E.       [Dec.  20th, 

without  any  failure  or  interruption  from  May  to  December 
{i.e.,  up  to  the  date  of  writing),  using  only  one  engine  with 
no  spare  plant,  and  the  credit  of  this  excellent  service  must 
be  mainly  given  to  the  small  detachment  that  was  left  at 
Bloemfontein  under  command  of  Corporal  Bicker  Caarten, 
to  whom  has  since  been  entrusted  the  design  for  a  permanent 
installation  to  replace  this  temporary  plant. 

The  advance  section  at  Vet  River  joined  the  reconstruc- 
tion trains  and  remained  with  them  during  the  months  of 
May  and  June — i.e.,  until  the  work  of  reconstructing  the 
railway  was  completed  through  the  Orange  Free  State  up  to 
the  Vaal  River. 

The  equipment  of  this  No.  i  section  consisted  of  No.  2 
traction  engine  with  its  dynamo,  two  waggons,  subsequently 
increased  to  four  waggons,  two  projectors  with  their  limbers, 
two  cable  carts,  extra  cable  coiled  on  drums,  sixteen  arc 
lamps  with  suitable  poles,  hoisting  gear  and  the  necessary 
accessories,  a  supply  of  incandescent  lamps  with  suitable 
fittings,  fourteen  sets  of  field  telephones,  a  supply  of  insu- 
lated and  bare  copper  wire  telephone  conductors  coiled  on 
reels  which  could  be  either  carried  on  the  bicycle  or  on 
special  slings  strapped  to  a  man's  chest  in  such  a  position 
that  he  could  either  pay  out  or  wind  up  a  conductor. 

The  work  at  Vet  River  may  be  taken  as  typical  of  many 
other  works  at  which  it  was  necessary  to  work  all  night  by 
artificial  light.  The  Railway  Construction  Corps  R.E.  was 
engaged  in  constructing  a  main  bridge  across  the  river 
approached  by  long  deviations  from  the  main  line ;  in  these 
were  three  smaller  bridges.  The  lighting  plant  had  there- 
fore to  be  erected  at  each  of  these  bridges  in  turn. 

When  the  Vet  River  work  was  completed  the  section 
moved  on  to  Smaldeel,  and  there  was  joined  by  me 
with  a  draft  which  had  left  Cape  Town  on  the  4th  of  May. 
I  brought  with  me  a  third  traction  engine  with  its  dynamo, 
an  additional  supply  of  concentric  cable,  two  additional 
5-ton  waggons,  stores,  bicycles,  &c.,  and  then  took  over 
command  of  the  Unit. 

As  occasion  arose,  the  whole  of  the  Bloemfontein  sec- 
tion with  their  stores  was  gradually  moved  up  to  join  the 
headquarters  of  the  Unit,  leaving  only  a  small  detachment 
of  six  men  under  the  command  of  Corporal  Bicker  Caarten, 

^ork  the  temporary  lighting  plant  at  Bloemfontein. 


Fig.  3.— Destroyed  Bridge  (Zand  Riven  as  left  by  Boers. 


Plli,  4. — Kttenoster  Bridge,  showing  Girder  down.  and^Arc-lighting. 
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the  enemy,  the  Electrical  Engineers  restored  the  communi- 
cations so   quickly  that  practically  no  delay  occurred   in 

transmission. 

We  should  also  mention  that  the  telegraph  instruments 
found  in  the  Transvaal  were  all  of  the  "  closed  circuit " 
pattern  (requiring  the  key  to  be  lifted  up  instead  of  pressed 
down,  as  in  the  English  pattern).  The  Electrical  Engineers 
converted  them  to  the  open  circuit— not  an  easy  matter  for 
men  only  provided  with  screwdrivers,  knives  and  pliers  of 

their  belt  equipments. 

Captain  Bain,  who  was  eventually  assisted  by  Lieutenant 
O'Shaugnessy,  remained  at  this  work  for  several  months  and 
eventually  was  put  in  charge  of  the  whole  of  the  railw'ay 
telegraphs  in  the  Transvaal  under  Captain  Manifold,  R.E., 
Administrator  of  Railway  Telegraphs,  his  detachment  being 
strengthened  from  time  to  time  by  additions  from  this  Unit, 
as  well  as  from  the  Royal  Engineers  and  other  corps. 

The  No.  I  section  commenced  lighting  work  at  Zand 
River  on  the  i8th  of  May,  this  work  being  of  a  very  similar 
nature  to  that  of  the  Vet  River.  It  afterwards  advanced  with 
the  Railhead  Construction  trains  to  the  Rhenoster  Spruit  to 
assist  the  working  party  building  a  crib  bridge  at  that  point. 
Here  a  particularly  smart  piece  of  lighting  work  was  carried 
out.  The  orders  were  received  at  2  p.m.  The  traction 
engine  was  off-loaded  from  its  truck  and  hauled  its  w^aggons 
and  stores  down  to  Rhenoster  Spruit  three  miles  away,  the 
light  stores  going  down  the  damaged  railway  line  on  a 
trolley.  Eight  arc  lamps  were  fixed  on  poles  and  light 
was  furnished  to  the  working  party  by  nightfall,  5.30  p.m. 

The  new  and  first  reconstructed  bridge  at  Rhenoster  was 
completed  on  the  29th,  and  there  being  then  no  large  work 
ahead  requiringarc  lights,  the  detachment  went  forward  with 
the  construction  train  and  were  employed  principally  on  the 
actual  work  of  building  the  crib  piers,  fixing  the  beams  and 
laying  the  rails  until  the  line  was  completed  and  railhead 
advanced  to  Taibosch.  During  this  time  the  equipment 
was  left  behind  at  Roodeval  in  charge  of  Sergeant 
Phillips. 

During  the  next  eight  days  the  detachment  had  an 
exciting  time,  as  the  enemy  under  De  Wet  and  Theron  were 
threatening  the  line  and  reconstruction  works.  The 
electrical  engineers  formed  part  of  the  reconstruction  day 
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shift,  the  working  hours  being  generally  from  6  a.m.  to 
6  p.m.,  but  sometimes  up  to  12  midnight,  so  that  on  these 
days  the  men  were  eighteen  hours  consecutively  at  work. 

From  Rhenoster  up  to  Taibosch  the  enemy  at  the  advice 
of  Theron  had  destroyed  the  line/ery  completely,  not  only  the 
larger  bridges,  but  all  the  smaller  culverts  were  blown  up ;  in 
some  places  the  rails  for  considerable  distances  were  twisted 
and  contorted  by  dynamite  cartridges  fired  at  every  fish 
joint. 

On  Wednesday,  6th  of  June,  Taibosch  Spruit  was  reached, 
and  seeing  that  arc  lights  would  again  be  required  at  this 
point  and  at  the  Vaal  River,  Captain  Lloyd  was  sent  back 
with  two  engines  and  a  few  trucks  to  bring  forward  the 
electric  light  equipment  which  had  been  left  at  Roodeval. 
His  journey  down  the  threatened  line  to  Roodeval  was  a 
most  exciting  one.  At  Vredefort  Weg  he  was  called  upon  to 
arrest  the  Field  Cornet  Le  Roux,  who,  although  he  had 
taken  the  oath  of  allegiance,  had  been  observed  signalling  to 
the  enemy.  This  train  was  expected  to  be  attacked  at  any 
point  south  of  this,  and  the  utmost  precautions  had  to  be 
taken.  As  the  water  supply  at  Roodeval  was  known  to  be 
scanty  he  left  one  locomotive  to  fill  up  its  tanks  at  Rhenoster 
and  took  one  on  to  Roodeval.  He  there  found  that  the 
small  garrison  had  been  threatened  for  days,  and  had  been 
on  harassing  night  duty  during  that  time. 

On  his  approach  to  Rhenoster  Spruit  he  found  that  the 
line  was  blocked  by  some  trucks  which  were  being  used, 
somewhat  irregularly,  for  shifting  tents  and  camp  equip- 
ment required  for  a  new  camp. 

As  Captain  Lloyd  knew  that  De  Wet  was  preparing  to 
cut  the  line  to  the  north  of  Rhenoster  this  delay  seemed 
likely  to  result  in  the  Unit  losing  their  electrical  equipment. 
As  it  was  the  line  was  only  cleared  in  time  to  get  the  train 
away  a  few  hours  before  De  Wet  commenced  his  attack  on 
the  Rhenoster  camp,  which  resulted  in  heavy  losses  and  in 
the  destruction  of  the  new  bridge,  the  water  supply,  and  of 
the  valuable  ammunition  and  stores  then  at  Roodeval. 

The  return  journey  northwards  was  of  the  most  exciting 
nature.  The  train  was  made  up  with  some  of  the  trucks  in 
front  of  the  locomotive,  so  that  in  case  of  the  leading  truck 
being  derailed  it  could  be  thrown  off  more  easily  and  thus 
Itss  delay  caused  than  if  the  locomotive  itself  were  derailed. 
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It  was  necessary  to  examine  the  track  with  lamps  placed 
on  the  leading  truck,  and  thus  by  lamp  signalling  back  to 
the  engine  driver  to  control  the  running  of  the  train.  In 
this  manner  the  train  was  worked  back  to  Taibosch. 

At  Vredefort  Weg  Captain  Lloyd  arrested  and  brought 
along  with  him  the  Field  Cornet.  Le  Roux.  By  the  time 
Captain  Lloyd  passed  Vredefort  Weg  De  Wet  had  been 
successful  in  his  attack  at  Rhenoster  and  cut  both  railway 
and  telegraph  wires,  so  that  the  construction-  trains  were 
entirely  cut  off  from  the  south. 

During  the  time  that  the  arc  lights  were  being  used  on 
the  bridge  at  Taibosch  on  the  nights  of  the  7th  and  8th 
Lieutenant  Pott  succumbed  to  enteric  fever.  This  was  a 
great  loss  to  the  Unit,  as  this  officer  had  himself  designed  a 
great  portion  of  the  arc  lighting  and  projector  plant,  and 
the  loss  of  his  services  greatly  crippled  the  Unit.  He  had  to 
be  left  at  Viljeonsdrift,  where  he  was  nursed  with  extreme 
care  by  Dr.  and  Mrs.  Dixon,  Dr.  Dixon  being  the  medical 
officer  to  this  section  of  the  railway. 

Here  Sapper  Weakey  also  fell  ill  of  enteric  fever,  probably 
brought  on  by  the  exposure  at  Roodeval.  He  lingered 
for  some  time,  and  eventually  died  at  Viljeonsdrift  on  the 
27th. 

During  the  time  that  the  Unit  was  at  Taibosch  Major 
Crompton,  taking  with  him  Sergeant-Major  Brown,  R.E., 
and  Companys  Sergeant-Major  Rorke,  went  south  with  the 
field  telephones  to  attempt  to  make  temporary  communica- 
tion at  the  point  where  the  telegraph  lines  had  been  cut  by 
the  Boers.  Major  Crompton  returned  to  his  command 
at  Taibosch,  leaving  the  two  non-coms,  with  Lord 
Kitchener,  who  arrived  at  Kopjes  on  the  9th.  They  were 
able  to  establish  communication  with  the  south,  and  thus 
kept  him  in  touch  to  north  and  south  until  the  telegraph 
lines  were  again  in  working  order. 

Railhead  reached  the  Vaal  River  on  the  loth  of  June, 
and  at  this  point  an  installation  of  twelve  lamps  was  erected, 
and  on  the  nth  the  first  train  crossed  into  the  Transvaal 
and  some  supplies  were  sent  to  Lord  Roberts  at  Pretoria. 

It  may  be  here  remarked  that  as  during  the  advance  of 
railhead  from  Bethulie  to  the  Vaal  the  arc  lamps  were 
worked  on  nineteen  nights,  it  is  probable  that  the  period 
of  reconstructing  the  line  was  shortened  by  nearly  the  same 
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number  of  days;  but  even  if  one  night's  work  is  only  con- 
sidered to  be  equal  to  two-thirds  of  a  day's  work  the  night 
work  rendered  possible  by  the  section  must  have  hastened 
the  ad\'ance  of  railhead  by  not  less  than  twelve  days,  and 
the  monev  value  alone  of  this  to  the  nation  must  have  many 
times  repaid  the  entire  cost  of  equipping  and  sending  out 
the  Electrical  Engineers, 

After  one  night's  lighting  at  the  Vaal  the  very  thorough 
destruction  of  the  line  to  the  south  bv  De  Wet  necessitated 
the  sending  south  for  a  second  time  both  construction 
trains ;  the  Unit  accompanied  them,  leaving  the  lighting 
equipment  at  Viljeonsdrift  under  Sergeant  BrowTi. 

The  construction  trains  working  south  were  constantly 
threatened  by  De  Wet,  and  on  the  night  of  the  14th  of  June 
both  trains  were  attacked  by  him,  and  were  summoned  to 
surrender. 

As  this  was  the  first  occasion  on  which  the  Electrical 
Engineers  were  under  fire,  perhaps  I  may  be  permitted  to 
describe  the  attack  at  some  length  : — 

Very  early  in  the  morning  of  the  14th  of  June  the  night 
working  party,  which  consisted  chiefly  of  Royal  Engineers 
and  volunteer  Royal  Engineers,  none  of  them  being 
Electrical  Engineers,  were  at  work  rebuilding  the  crib  piers 
of  the  recently  constructed  bridge  at  Leuwspruit ;  at  this 
time  one  of  the  construction  trains  was  drawn  up  close  to 
the  working  party,  who  were  at  the  break  in  the  line,  the 
other  train  being  about  balf  a  mile  to  the  north  on  its  way 
to  shunt  empty  trucks  on  a  siding  a  mile  further  north. 

The  first  trouble  noticed  was  the  derailing  of  the  leading 
truck  of  the  northern  train.  This  was  caused  by  a  stone 
having  been  wedged  by  the  Boers  between  the  main  and 
the  guard  rails.  As  soon  as  the  train  was  pulled  up  it  was 
fired  on  by  an  attacking  party  which  apparently  surrounded 
it.  The  troops  on  the  train  promptly  replied,  and  with  good 
effect,  as  the  Boers  drew  off  after  half  an  hour's  firing  and 
concentrated  their  attack  on  the  other  party  at  the  Spruit, 
but  during  this  sharp  attack  the  vans  and  coaches  of  the 
northern  train  were  riddled  by  bullets,  and  those  sleeping 
in  them  had  narrow  escapes.  The  attack  coming  at  first 
from  the  south  side,  the  engine  driver  started  to  move  the 
engine  northwards.  The  Boers  ttien  made  a  rush  on  the 
unarmed  working  party,  who,  with  one  officer  and  sixty 
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men  were  taken  prisoners  ;  the  remainder,  however,  escaped, 
but  could  not  rejoin  the  party  defending  the  trains. 

The  Electrical  Engineers  had  formed  the  day-working 
party,  and  having  been  many  hours  at  work,  and  conse- 
quently very  tired,  were  sound  asleep.  Those  of  them  who 
were  sleeping  outside  the  trucks,  close  to  the  working  party, 
were  captured  by  the  Boers  before  they  were  able  to  regain 
the  train.  At  this  time  the  Boers'  firing  was  very  heavy,  and 
three  officers,  i.e.,  Lieutenant  Micklem,  R.E.,  Lieutenant 
Bigge,  E.E.,  and  Lieutenant  Holmes,  of  the  Royal  Irish,  were 
seriously  wounded.  Three  sappers  were  killed,  the  engine 
driver  and  a  number  of  others  seriously  wounded,  and  of  the 
native  workmen  about  thirty  were  killed  or  wounded.  At  this 
time  De  Wet  sent  in  a  messenger  summoning  the  train  to 
surrender  as  the  Boers  were  greatly  superior  in  force  and 
had  guns.  No  attention  was  paid  to  the  message,  and  the 
remaining  troops,  who  were  then  under  the  command  of 
the  officers  of  the  Electrical  Engineers,  took  up  a  position 
on  a  ridge  of  rocks  which  ran  transversely  to  the  train,  from 
which  the  train  could  be  protected  without  the  men  being 
exposed.  This  position  was  held  for  several  hours — in  fact, 
up  to  daybre.ik — the  firing  of  the  Boers  being  continuous 
and  severe.  On  the  other  hand,  the  position  we  occupied 
was  so  strong  that  the  Boers  were  unable  to  approach 
the  train,  and  soon  after  daybreak  they  withdrew  from  the 
attack. 

Towards  the  latter  part  of  the  titne  the  Boers  were  much 
disconcerted  by  the  shrapnel  which  was  fired  over  them  by 
two  guns  placed  by  Lord  Kitchener  in  a  position  to  the 
south. 

The  night  was  intensely  cold  and  trying  to  every  one  ; 
the  whole  of  the  defending  party  were  asleep  in  the  trucks 
when  the  attack  commenced.  Although  taken  at  such  a 
serious  disadvantage,  every  man  on  the  train,  without  dis- 
tinction, behaved  as  coolly  and  quietly  as  if  there  were  no 
enemy  present. 

It  was  a  difficult  matter  even  for  old  and  trained  soldiers 
to  free  themselves  from  the  crowd  of  Basutos  who  formed  the 
native  working  party,  and  who  cleared  out  from  the  train  at 
the  commencement  of  the  firing,  but,  in  spite  of  this^  theie 
was  no  confusion  ;  ammunition  was  quietly  serv^ed  out,  axid 
our  men  got  into  such  strong  positions  that  it  was  impossible 
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for  the  Boers  to  make  their  attack  successful.  Every  one  be- 
haved so  well  that  it  is  difficult  to  single  out  any  one  present 
for  special  praise.  Although  the  Electrical  Engineers  en- 
gaged on  this  occasion  were  comparatively  a  small  party,  yet, 
owing  to  so  many  of  the  night-working  party  having  been 
surprised  and  dispersed  in  the  first  instance,  they  formed 
nearly  one-third  of  the  troops  left  to  defend  the  trains.  If 
DeWet  had  been  successful  in  catching  and  destroying  these 
two  trains,  which  contained  so  much  construction  material 
and  all  the  tools,  as  well  as  the  most  skilled  body  of  recon- 
struction officers,  the  break  in  the  line  of  communications 
would  have  remained  open  for  a  long  period,  and  certainly 
would  have  seriously  affected  the  future  movements  of  the 
more  advanced  portion  of  the  Army  then  in  the  Transvaal. 

This  attack  caused  the  Electrical  Engineers  to  tem- 
porarily lose  the  services  of  one  officer  wounded,  and 
Corporal  Sellon  and  six  Sappers  taken  prisoners.  The 
remainder  went  south  with  the  construction  trains  to 
Rhenoster,  and  assisted  in  the  building  of  this  important 
bridge.  Whilst  there,  orders  were  received  from  Army 
Headquarters,  that  the  whole  of  the  Electrical  Engineers 
should  come  up  to  Pretoria  at  once.  They  started  on  the 
2oth,  leaving  Lieutenant  O'Shaughnessy  to  complete  a 
system  of  telephones  connecting  Rhenoster  Camp,  Leuw- 
spruit,  Roodeval,  and  other  points  which  had  been  recently 
threatened  or  attacked  by  De  Wet.  After  carrying  out  this 
work  he  joined  the  headquarters  at  Pretoria  on  the  26th  of 
June. 

After  arriving  at  Pretoria,  the  Engineer-in-Chief  found 
quantities  of  electrical  work  for  the  corps,  as  all  the  forts 
which  defend  the  town  had  been  fitted  up  with  various 
electrical  apparatus,  not  only  for  electric  lighting  but  there 
were  signal  signalling,  telephone  and  other  wires,  which 
required  to  be  sorted,  labelled,  and  their  uses  understood. 

The  oil  engines  which  supplied  the  motive  power  for 
driving  the  dynamos  had  purposely  been  damaged  by  the 
Boers,  and  had  to  be  repaired  and  set  to  work.  The  small 
and  inefficient  searchlights  which  had  been  used  by  the 
Boers  were  replaced  by  a  system  of  incandescent  lamps 
pliaced  so  as  to  illuminate  certain  points  which  were  liable 
fo  l^e  threatened  by  theenemy'dunng  night  attacks. 
^     This  \^ork  at  ^the.  forts,  which  was  of  a  very  interesting 
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nature,  was  followed  by  teaching  the  garrisons  how  to  use 
and  maintain  the  electrical  apparatus  in  working  order. 

Other  parties  of  our  men  were  employed  in  fitting  up 
electrical  lighting  in  various  public  buildings  which  served 
as  supply  stores,  and  in  the  large  hospitals  which  were  then 
being  started,  inside  and  outside  Pretoria.  In  some  cases 
these  new  installations  were  worked  from  the  public  supply 
of  the  town,  in  other  cases  separate  generating  machinery, 
i.e.,  steam  engines,  dynamos,  and  systems  of  conductors  had 
to  be  put* down  for  each  job.  The  plant  for  this  was  made 
up  from  material  found  at  or  near  Pretoria,  most  of  which 
was  in  a  damaged  condition  and  had  to  be  almost  re-made 
before  it  could  be  usefully  employed. 

During  this  time,  as  the  whole  of  the  Rand  district 
surrounding  Johannesburg  is  supplied  with  electric  light 
and  power  partly  from  a  distant  generating  centre  at  Brak 
Pan,  the  Military  Governor  of  Johannesburg  asked  for  and 
obtained  the  services  of  Captain  Leaf  as  his  electrical 
adviser,  and  from  time  to  time  various  works  were  super- 
vised by  him  and  by  other  officers  of  the  Corps,  so  that  the 
electrical  plant  of  Johannesburg  and  district  was  gradually 
got  into  order. 

It  will  be  interesting  to  those  who  have  read  Rider 
Haggard's  novel,  '^  Jess,^'  to  know  that  the  camp  at  Pretoria 
was  close  to  the  site  of  Jess's  cottage. 

Its  position  was  well  chosen ;  a  stream  of  water  was 
handy  for  washing  out  the  engines  and  it  was  close  to 
the  railway  and  railway  workshops.  Thus,  it  was  in  a 
most  convenient  position  for  repairing  the  various  pieces  of 
apparatus  that  they  were  installing  in  the  forts  and  public 
buildings.  Amongst  others,  the  Government  Printing  Works 
of  Pretoria,  worked  by  their  own  electric  generating  plant 
transmitting  power  to  motors  driving  each  set  of  printing 
machinery,  was  put  in  order  and  worked  by  the  Electrical 
Engineers. 

Early  in  July,  Electrical  Engineers  were  several  times 
called  upon  to  extricate  an  engine  which  it  was  proposed 
to  use  to  haul  12-ton  6-in.  quick-firing  guns  to  various 
positions  near  Pretoria.  This  engine  and  a  gun  were  hauled 
out  of  a  drift  almost  in  the  middle  of  Pretoria,  into  which  it 
had  sunk  in  the  course  of  an  experimental  run. 

A  few  days  later,  after  the  driver  of  this  engine  had  placed 
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the  gun  in  position  near  Deerdepoort,  he  took  his  engine 
down  to  a  spruit  in  order  to  fill  up  his  water  tanks,  but 
approached  too  closely  to  the  soft  ground,  so  that  the  engine 
turned  over  on  its  side  and  could  not  be  got  out  until  we 
were  sent  for. 

Great  praise  is  due  to  Captain  Lloyd  and  Captain  Leaf 
and  the  detachment  engaged  on  this  work,  which  was 
carried  on  throughout  the  night.  The  way  in  which  the 
Electrical  Engineers  handled  the  engines  and  gun  made  it 
evident  to  the  officer  commanding  the  artillery  that  the 
Electrical  Engineers  were  so  capable,  that  he  placed  the 
engine  and  the  two  guns  in  their  charge,  and  the  subsequent 
work  of  placing  these,  the  heaviest  guns  ever  taken  into 
the  field,  was  carried  out  by  the  officers  and  men  belonging 
to  the  Corps. 

On  the  24tji  of  July,  a  6-in.  quick-firing  gun,  weighing 
with  its  carriage  12^  tons,  was  hauled  to  the  top  of  Quagga 
Kop,  seven  miles  to  the  west  of  Pretoria,  and  1,300  feet 
above  it ;  the  average  slope  up  which  the  gun  was  hauled 
was  I  in  10,  but  there  were  point  parts  of  it  which  were 
steeper. 

On  the  ist  of  August  a  similar  gun  was  hauled  up  a 
slope  averaging  i  in  6,  and  in  some  places  i  in  5,  to  a 
redoubt  on  the  top  of  this  hill,  about  five  miles  east  of  the 
town.  A  few  days  later  two  large  traction  engines 
belonging  to  the  Director  of  Steam  Transport  were  put 
under  our  charge,  under  the  officers  of  the  Electrical 
Engineers,  and  with  these  and  the  other  three  engines, 
making  five  traction  engines,  a  regular  daily  service  was 
organised,  and  stores  of  every  description  were  transported 
to  various  points,  chiefly  to  the  westward  of  Pretoria,  the 
longest  run  being  to  Commando  Nek,  twenty-six  miles 
distant,  where  a  depot  was  formed  for  flying  columns. 
The  service  on  this  road  lasted  for  many  weeks,  in  fact,  up 
to  the  time  the  Corps  started  for  England,  and  was  carried 
out  without  any  mishap  or  loss,  although  during  the  whole 
of  the  time  the  line  was  threatened  by  the  Boers,  and  we 
were  informed  that  sniping  frequently  went  on,  but  as  far 
as  we  were  concerned  no  one  was  hit.  A  new  system  of 
escorts  was  adopted ;  sufficient  men  to  form  two  or  more 
escorts  being  put  under  the  command  of  the  officers  of  the 
Corps  and  encamped  with  us. 
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« 

The  anxieties  connected  with  this  service  were  greatly 
reduced  by  an  excellent  system  of  signalling  the  position  of 
the  trains,  which  was  introduced  by  Captain  Lloyd. 

Early  in  June  a  part  of  the  detachment  left  at  Bloem- 
fontein  left  under  Lieutenant  Stubbs  and  worked  under  the 
Army  Telegraphs  repairing  telegraphs  and  erecting  new  lines. 
They  trekked  the  whole  journey  from  Bloemfontein  to 
Pretoria,  only  arriving  At  Pretoria  towards  the  end  of  July. 
After  their  arrival  at  Pretoria  Lieutenant  Stubbs'  party  were 
employed  for  some  time  on  new  telephone  lines  connecting 
the  forts  with  the  town,  and  later  on  took  another  party  down 
westwards  to  Standerton. 

Towards  the  latter  part  of  August  a  party  of  Electrical 
Engineers,  under  Captain  Lloyd,  were  sent  up  to  Brugspruit 
with  a  set  of  searchlight  apparatus  and  accessories,  which 
was  erected,  and  the  light  shown  from  the  top  of  the  shaft 
of  a  colliery  near  Brugspruit  Station,  theMynamo  being 
driven  from  the  mine  engine.  Captain  Lloyd  returned  to 
Pretoria  and  left  the  detachment  for  some  weeks  under  the 
command  of  Lieutenant  Bigge,  and  there  is  no  doubt  that 
the  presence  of  this  searchlight  greatly  reduced  the  liability 
of  night  attacks  from  a  strong  commando  under  Erasmus^ 
which  threatened  the  Pretoria  and  Delagoa  Bay  Railway  at 
this  point. 

On  the  4th  of  September  one  of  the  engines,  with  dynamo 
and  sixteen  arc  lights,  was  taken  down  to  Machadodorp  by 
Captain  Leaf  and  a  small  party  of  Electrical  Engineers,  and 
at  this  point  an  installation  was  erected  to  supply  light  to 
the  various  running-sheds  and  loading-stages,  as  at  that 
time  convoys  which  supplied  three  columns  with  food  had 
here  to  be  loaded. 

On  the  31st  of  August,  Sergt.-Major  Brown,  R.E.,  and 
Corporal  Dalton  were  attached  to  Lord  Kitchener's  staff 
to  use  their  bicycles  and  field  telephones  as  required  at 
the  front. 

Up  to  the  time  of  the  arrival  at  Pretoria,  as  the  officers 
and  sappers  were  constantly  employed  on  railway  work, 
little  opportunity  was  given  for  the  sappers  to  use  the 
bicycles,  but  after  arrival  at  Pretoria  they  proved  to  be 
of  the  greatest  value ;  for  as  the  work  at  the  forts  and 
buildings  was  scattered  over  a  large  area  it  necessitated  the 
officers  and  men  movinjg  rapidly  from  point  to  point,  and 
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the  whole  of  the  bicycles  were  in  full  use,  so  by  their  aid 
the  twenty  men  who  rode  them  were  almost  doubled  in  value. 
On  the  17th  of  September  the  writer,  accompanied  by 
Captain  Leaf,  was  sent  down  by  Lord  Roberts  to  the  low 
country  to  the  east  of  Machadodorp,  in  order  to  report 
whether  any  of  the  traction  engines  could  be  efficiently 
used  there.  At  this  time  Captain  Bain  also  came  down 
to  Waterfal  Onder  in  charge  of  the  railway  telephone 
work,  and  Lieut.  O'Shaughnessy  was  in  command  of  the 
more  advanced  telegraph  work  near  Kboniati  Poort. 

Early  in  October  the  writer  was  ordered  to  England 
by  Lord  Roberts,  in  order  that  his  recent  experience 
might  be  utilised  in  designing  traction  engines  for  military 
purposes.    Captain  Lloyd  re-assumed  command. 

From  this  date  the  work  went  on  uninterruptedly  until 
the  later  end  of  October. 

The  unit  by  this  time  was  in  a  very  scattered  condition, 
the  large  number  of  jobs  being  carried  out  all  over  the 
Transvaal  and  Orange  River  Colonies  demanding  small 
detachments  at  various  places. 

It  was  whilst  in  charge  of  his  Standerton  detachment 
that  Lieutenant  Stubbs  so  nearly  lost  his  life.  His  duties 
necessitated  a  journey  by  rail  on  a  line  known  to  be  threa- 
tened by  the  enemy. 

At  a  point  on  the  line  near  Vlaklaagte,  a  few  miles  north 
of  Standerton,  something  was  observed  on  the  lirie  which 
looked  rather  like  dynamite. 

Lieutenant  Stubbs  went  forward  to  examine,  and  was 
immediately  fired  on  by  a  large  party  of  Boers  concealed 
about  three  hundred  feet  off. 

Trying  to  regain  the  engine  he  was  hit  again  and  again 
until  at  last  he  rolled  into  the  ditch  by  the  side  of  the  line. 

The  train  was  captured  and  all  not  killed  or  wounded 
were  taken  prisoners. 

The  train  was  then  blown  up  and  burnt. 

Towards  the  end  of  October  orders  were  received  from 
the  Engineer-in-chief  to  concentrate  the  unit  and  handover 
the  majority  of  the  stores  so  as  to  be  ready  to  move  home- 
wards on  receipt  of  further  orders. 

The  various  detachments  were  gradually  collected,  and 
on  October  25th,  exactly  four  months  after  they  arrived 
in    Pretoria,  the  unit  steanied  south  for  Bloemfontein. 
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Seven  men  were  left  behind  in  Pretoria  to  take  their 
discharge  there ;  four  of  these  had  been  given  civilian 
employment  under  the  Imperial  Military  Government,  and 
three  were  taken  up  by  private  employment  on  the  Rand. 

A  forty-eight  hours'  journey  took  them  to  Bloemfontein, 
where  they  completed  the  handing  over  of  equipment  and 
packing  for  our  final  departure. 

But  even  during  this  time  the  "  handy  man  "  was  not 
allowed  to  be  idle. 

Six  to  eight  miles  of  telephone  line  connecting  outlying 
camps  were  laid  under  Captain  Bain's  direction,  whilst 
Captain  Lloyd  was  sent  off  to  Norvals  Pont  to  report 
on  an  electric-light  installation  at  the  hospital  there.  He 
also  had  to  report  on  the  future  lighting  of  the  railway 
depot  at  Bloemfontein  from  the  new  Town  Central  Station. 

Had  not  orders  for  the  unit  to  move  south  finallv  for 
Cape  Town  been  received  it  is  probable  that  the  men  would 
still  be  discovering- fresh  jobs  to  turn  their  hands  to. 

Yet  one  more  check  was  met  ere  the  unit  finally  arrived 
at  Cape  Town. 

No  transport  was  absolutely  ready,  and  so,  to  avoid 
the  possibility  of  the  hardened  and  fierce  warrior  striking 
terror  into  the  hearts  of  the  peaceful  inhabitants  of 
Cape  Town,  the  bloodthirsty  Electrical  Engineers  were 
kept  for  three  days  in  the  safe  camp  of  Stellenbosch,  and 
not  until  Saturday,  November  17th,  did  they  reach  the 
port,  where  the  train  took  them  right  alongside  the  Norham 
Castle.  After  an  uneventful  and  extraordinarily  fine  passage 
the  ship  was  brought  alongside  the  quay  at  Southampton 
on  the  evening  of  the  6th  of  December. 

ADDENDUM. 


NAMES  OF  THE  SOUTH   AFRICAN   DETACHMENT  OF 
ELECTRICAL   ENGINEERS  (R.E.)  VOLUNTEERS. 


Returned  to  England, 

Lieut-Colonel  R.  E.  Crompton. 
Captain  F.  L.  Lloyd,  R.E. 

Captain  A.  Bain.  Captain  H.  M.  Leaf. 

Lieutenant  J.  J.  F.  O'Shaughnessy.      Lieutenant  A.  H.  Pott. 
Second-Lieutenant  H.  F.  Bigge.         Sec-Lieut.  F.  Powell  Williams. 
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Sergeant-Major  G.  A.  Brown,  R.E. 
Company  Sergt.-Major  E.  Rorke. 
Sergeant  W.  S.  Entwistle. 
Corporal  H.  H.  Bicker-Caarten. 
Corporal  W.  Dalton. 
Second-Corporal  E.  M.  Sellon. 
Second-Corporal  A.  I.  Hodgson. 
Lance-Corporal  H.  R  Allen. 
Lance-Corporal  S.  W.  Melsom. 
Lance-Corporal  C.  F.  Love. 
Lance-Corporal  A.  R.  Peart. 
Sapper  F.  D.  Arundel. 
Sapper  W.  C.  Cooke. 
Sapper  A.  J.  C.  Devonshire. 
Sapper  G.  J.  H.  Elliott. 
Sapper  E.  C.  Horsley. 
Sapper  A.  E.  Minns. 
Sapper  N.  W.  Pirrie. 
Sapper  F.  G.  Payne. 
Sapper  H.  B.  Tilley. 
Sapper  F.  J.  Wallis. 

Sapper  F. 


Sergeant-Inst.  C.  T.  Ruse,  R.E. 
Sergeant  J.  H.  S.  Phillips. 
Sergeant  A.  H.  I.  Graham. 
Corporal  A.  Charlton. 
Corporal  W.  H.  Hossack. 
Second-Corporal  J.  Rook. 
Second-Corporal  C.  L an  don. 
Lance-Corporal  G.  Charlton. 
Lance-Corporal  D.  F.  Colson. 
Lance-Corporal  M.  N.  Crawford. 
Lance-Corporal  A.  O.  Wiltshire. 
Sapper  H.  Bertram. 
Sapper  W.  G.  Carter. 
Sapper  R.  H.  Braxder. 
Sapper  R.  W.  Holliday. 
Sapper  L.  H.  Hounsfield. 
Sapper  H.  A.  Paris. 
Sapper  F.  J.  Phillii»s. 
Sapper  R.  B.  Roberts. 
Sapper  J.  D.  Taylor. 
Sapper  E.  J.  Wright. 
J.  Young. 


Accepted  Commissions  in  Royal  Field  Artillery, 
Second-Corporal  D.  G.  W.  Hume.       Second-Corporal  J.  H.  Stone. 

Remaining  in  South  Africa. 

Sergeant  T.  H.  Brown.  Lance-Corporal  A.  E.  Levin. 

Sapper  J.  M.  Bowrey.  Sapper  H.  R.  Claxton. 

Sapper  C.  W.  S.  Paine.  Sapper  C.  E  Silverthorne. 

Sapper  F.  C.  Stephens. 

Left  in  Hospital  in  South  Africa  ;  but  now  returned  to  England. 
Lieutenant  J.  H.  Stubbs.  Lance-Corporal  C.  R.  H.  Thorn. 

Died  in  South  Africa. 

Second-Corporal  A.  Holdaway  (at  Bloemfontcin). 
Sapper  E.  C.  Short  (at  Kroonstad). 
Sapper  W.  C.  Weakley  (at  Viljoen's  Drift). 
Sapper  E.  J.  West  (at  Wynburg). 

The  President  :  We  are  not  going  to  have  any  criticism 
on  this  paper.  I  think  perhaps  there  has  been  a  Httle  too 
much  criticism  in  this  country  of  the  military  operations  in 
South  Africa.  In  addition  to  that,  the  only  condition  on 
Avhich  Colonel  Crompton  was  allowed  by  the  War  Office  to 
give  us  the  paper  was  that  it  should  not  be  criticised.     For 
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that  reason  he  has  called  it  a  lecture,  and  in  calling  it  a  lecture 
it  is  evident  that  he  thought  he  could  take  liberties.     When 
a  man  reads  a  paper  he  is  supposed  to  read  it  as  it  is  printed, 
but  Colonel  Crompton  has  added  a  great  deal  to  the  printed 
matter  previously  supplied.     I  very  much  hope  that  all  the 
additions  he  has  made  will  be  inserted,  as  they  are  most 
interesting.     I  think  we  should  also  like  Colonel  Crompton 
to  select  a  few  of  the  views  he  has  shown  us  this  evening,  in 
order  that  they  may  appear  in  the  Journal.    There  were  so 
many  interesting  things  in  the  lecture  that  one  does  not  like 
to  particularise,  but  I  am  sure  that  the  Norfolk  Regiment, 
who,  the  lecturer  said,  were  so  easily  educated  in  electrical 
matters,  would  value  the  testimony  which  Colonel  Cromp- 
ton had  given  them  almost  as  much  as  any  other  testimony 
they  might  get  during  the  war,  however  valuable.    Again, 
without  attempting  to  particularise,  I  may  tell  you  that  1 
have   heard    five   diflFerent  accounts   of    the    Leeuwspruit 
fight   from    students    of    mine   who    were    in    it.      From 
Colonel   Crompton   himself    I    have  heard  three  different 
accounts,  to  say  nothing  of  the  account  I  got  from  Captain 
Lloyd.   The  account  given  in  the  paper  is  not  like   any 
of  the  others  I  have  been  told — it  is  too  sober ;  from  what  I 
can  make  out  it  was  the  liveliest  time  on  record  for  all  our 
people.     I  did  not  know  when  I  gave  that  address  on  Tues- 
day night  what  a  lot  of  work  had  been  done  by  the  Elec- 
trical Engineer  Unit  in  Africa,  and  yet  I  think  I  said  on 
Tuesday  night  all  I  have  to  say,  and  I  believe  that  my  words 
voiced  the  feelings  of  the  Institution.     I  have  to  announce 
that  the  Council  has  decided  to  issue  to  each  member  of  the 
Electrical  Engineers  Unit  a  copy  of  that  short   address* 

»  ADDRESS  OF  PROFESSOR  PERRY,  AS  PRESIDENT  OF  THE 
INSTITUTION  OF  ELECTRICAL  ENGINEERS,  TO  THE 
SOUTH  AFRICAN  DETACHMENT  OF  THE  ELECTRICAL 
ENGINEERS  (R.E.)  VOLUNTEERS,  i8th  December,  1900. 

"  Lieut.-Colonel  Crompton,  Captain  Lloyd,  Officers  and  Men  of  the 
Electrical  Engineer  Unit  of  the  South  African  Army ;  in  the  name  of 
the  Institution  of  Electrical  Engineers,  I  welcome  you  home. 

"  When  Dr.  John  Hopkinson  suggested  that  all  British  Professional 
men,  and  particularly  Engineers,  should  prepare  themselves  in  time  of 
Peace  for  giving  their  professional  services  to  then-  Country  in  time  oi 
War,  he  created  the  germ  of  what  may  become  the  greatest  and  best 
line  of  defence  of  the  Empire. 
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on  vellum  paper,  with  the  seal  of  the  Institution.  I  will, 
now  ask  you  to  thank  Colonel  Crompton  for  his  lecture 
with  acclamation. 

The  vote  was  carried  with  acclamation. 
Mr.  Alexander  Siemens  :  I  have  great  pleasure  in  pro- 
posing the  following  resolution  : — 

"  That  the  Institution  of  Electrical  Engineers  offers  the 
most  cordial  congratulations  to  the  members  of  the  Corps  of 
Electrical  Engineers  (Royal  Engineers)  Volunteers,  forming 
the  Electrical  Engineer  Unit  of  the  South  African  Army,  upon 
the  patriotic  devotion  that  they  have  shown  in  placing  them- 
selves and  their  technical  skill  at  the  service  of  their  country, 
and  upon  the  successful  termination  of  their  arduous  and 
self-denying  labours  during  nine  months  of  active  service  in 
the  field." 

No  words  of  mine  can  support  this  resolution  better  than 
the  lecture  which  we  have  just  heard.  I  want  to  call 
attention  to  the  skill  which  the  officers  leading  the  detach- 

"  You  have  carried  out  successfully  the  very  first  experiment.  We 
of  the  Institution  know  how  much  you  have  sacrificed.  I  speak  neither 
of  social  pleasures  nor  of  home  comforts.  I  do  not  speak  of  the  dangers 
you  have  risked,  either  from  the  chances  of  war  or  from  that  more 
dreadful  enemy,  disease.  These  were  common  to  you  and  all  other 
Volunteers.  But  you  gave  up  positions  and  chances  of  promotion  in 
your  profession,  a  sacrifice  which  we  of  the  Institution  are  particularly 
well  able  to  appreciate. 

"  For  those  who  have  died  we  q;iourn  not '  as  those  without  hope ' : 
Hope  that  a  life  laid  down  by  a  man  for  men  is  not  a  life  thrown  away ; 
Hope  for  a  country  that  can  still  breed  sons  who  for  her  sake  are  not 
afraid  to  die. 

"  We  are  assured  that  in  the  opinions  of  the  Generals  your  small 
Force  was  of  very  great  service.  In  particular  with  the  aid  of  your 
electric  lights  the  work  of  mending  the  broken  bridges  went  on  by  night 
as  well  as  by  day,  thus  saving  this  country  millions  of  money,  and  who 
knows  how  many  lives  ? 

"  You  did  any  kind  of  engineering  work  that  had  to  be  done,  and 
showed  yourselves  the  handiest  of  *  handy  men.'  Ofiicers  and  men 
alike  took  their  full  share  of  actual  physical  toil ;  but  to  us  civilians, 
members  of  the  Institution,  the  distinction  between  officers  and  men  is 
merged  in  the  fact  that  all  alike  were  worthy  representatives  of  the 
Electrical  Engineering  Profession.  We  stand  higher  in  our  own 
opinion  and,  as  we  believe,  in  that  of  the  world,  in  that  our  profession 
has  developed  in  you  that  common  sense,  that  resourcefulness  in  time 
of  trouble,  that  reserved  power  and  moral  courage  which  have  distin- 
guished you  particularly  in  ^n  army  of  distinguished  m^n," 
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ments  have  shown  in  preserving  their  men  from  disease  and 
from  attack.  In  this  you  will  allow  me,  perhaps,  to  say  I 
am  in  a  small  way  an  expert,  as  I  went  through  the  same 
sort  of  experience  thirty  years  ago,  and  therefore  appreciate 
perhaps  more  than  any  of  you  the  skill  and  the  discipline 
which  are  necessary  to  produce  the  good  results  which 
Colonel  Crompton  has  described  to  us  to-night.  It  is  also 
perhaps  not  a  criticism  of  the  paper  if  I  add  that  the  action 
of  the  Electrical  Engineers,  and  their  great  utility  during  the 
war,  has  shown  that  the  Volunteers  are  not  such  a  despicable 
force  as  the  enemies  of  volunteer  service  generally  want  to 
make  out.  Of  course  I  served  under  conscription,  but  even 
then  I  can  add  my  testimony  that  the  best  soldiers  were  the 
so-called  Volunteers,  the  well-educated  ones,  because  they 
did  what  the  Electrical  Volunteers  have  done — they  obeyed 
orders,  and  did  not  talk.  I  have  great  pleasure  in  moving 
this  resolution. 

Mr.  Hugo  Hirst:  It  is  indeed  a  great  honour  and 
privilege  to  be  allowed  to  second  Mr.  Siemens'  words  of 
appreciation  of  the  deeds  of  the  Electrical  Engineer 
Volunteers.  May  I  add,  at  the  request  and  with  the 
permission  of  the  President,  a  few  words  that  suggest  them- 
selves to  me  on  this  occasion.  At  the  beginning  of  this  war 
we  all  thought  the  overwhelming  weight  of  this  Empire 
might  quickly  crush  resistance  out  of  what  we  considered  to 
be  two  small  countries ;  but  we  found  that  we  were  sadly 
misled.  The  unpreparedness.  under  which  we  started  this 
war,  and  which,  as  Sir  Wilfrid  Laurier  said,  redounds  to 
the  eternal  glory  of  this  country,  brought  us  into  unpleasant 
and  unexpected  difficulties.  These,  however,  gave  us  elec- 
trical engineers  a  chance  of  showing  what  an  intelligent 
organisation  could  do.  Our  corps  was  only  an  adjunct  to 
an  adjunct  of  the  Army,  yet  they  did  the  wonders  of  which 
Colonel  Crompton  has  told  us  here  to-night.  When  this 
war  is  finished,  we  shall  have  to  start  that  bigger  fight — not 
a  fight  against  little  countries,  but  a  battle  for  the  indus- 
trial supremacy  of  this  country  against  an  array  of  big 
nations.  In  this  battle  electrical  engineers  will  not  be 
an  adjunct  only  :  I  think  they  will  be  looked  upon  as  the 
leaders  of  the  nation.  It  will  be  they  who  will  be  the  general 
staff,  who  have  to  form  the  plans  and  the  tactics  for  the 
nation,  and  they  will  have  to  find  the  ways  and  means  of 
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communication,  and  will  have  to  provision  hundreds  of 
millions  of  men.  To  do  this  the  members  of  this  Institution 
have  a  great  duty  to  perform,  and  much  work  to  do.  We 
want  to  learn  in  this  work  from  what  we  have  heard  to-night. 
I  think  men  that  have  done  what  our  Electrical  Engineer 
Volunteers  have  done,  who  have  risen  to  the  emergency  of 
the  occasion  in  the  manner  we  have  heard,  who  have 
shown  that  they  are  willing  fo  sacrifice  everything  to  their 
patriotism,  and  have  disproved  that  they  have  gone  out  to 
South  Africa  merely  for  the  sake  of  a  rough  life,  or  for 
fighting,  for  a  bullet  or  a  medal,  who  have  gone  through  all 
the  hard  drudgery  of  an  engineer's  work  in  a  campaign,  are 
fit  to  do  any  work.  I  think  those  men  should  be  singled 
out,  should  be  hall-marked,  if  I  may  put  it  in  that  way,  for 
the  rest  of  their  lives  for  all  the  important  positions  that  the 
work  in  which  we  are  engaged  may  bring  forth.  1  think  it 
is  the  duly  of  every  member  of  this  Institution  who  is  an 
employer  to  remember  at  all  times  the  sterling  qualities,  the 
hard  work,  the  perseverance,  and  the  high  sense  of  duty  of 
this  corps.  It  is  our  duty  to  help  them  to  get  those  posts  of 
honour  and  those  remunerative  positions,  not  only  for  what 
they  have  done,  but  also  for  the  glory  and  the  prestige  that 
they  have  shed  on  this  Institution.  With  these  words  1  have 
much  pleasure  in  seconding  Mr.  Siemens'  proposal. 

The  President  :  Before  putting  the  resolution  to  the 
meeting,  1  should  like  to  say  that  that  suggestion  of  Mr. 
Hirst's  that  the  members  of  this  Institution  who  are  em- 
ployers, and  are  in  a  position  to  do  it,  ought  to  remember 
that  some  members  of  the  corps  may  be  out  of  employment. 
The  resolution  was  put,  and  carried  with  acclamation. 
Mr.  J.  W.  Swan  :  Colonel  Crompton  has  made  us 
realise  that  war  has  its  bright  as  well  as  its  sombre 
aspects;  indeed,  the  lights  of  the  picture  he  has  presented 
to  us  so  vividly  to-night  have  almost  overpowered  the 
shadows  of  the  picture.  And,  gentlemen,  there  are  shadows 
that  1  think  we  must  not  overlook.  We  lately  rejoiced  in 
the  return  of  a  very  large  proportion  of  the  men  who  went 
out  to  render  their  help  in  the  defence  of  the  honour  of  the 
nation,  and  in  the  protection  of  the  lives  and  liberty  of 
our  kindred  in  South  Africa.  We  rejoice  that  such  a  large 
proportion  of  those  men  who  went  out  nine  months  apo 
bave    returned — returned   safe   and   well,   most   of 


306  ELECTRICAL  ENGINEERS  R.E.   IN   SOUTH        [Dec.  20th, 

looking  even  better  than  they  looked  when  they  went  away. 
But,  gentlemen,  not  all  the  sixty-four  men  who  went  away 
have  returned.    All  of  those  who  went,  no  doubt,  realised 
the  perils  that  the  occasion  might  place  them  in,  and  were 
prepared  to  meet  the  worst  consequences,  but  only  four  had 
to  make  the  sacrifice  which  they  were  all  ready  to  make,  to 
render  up  their  lives  in  the  service  of  their  country.     The 
names  of  these  four  men,  honoured  names — names,  I  trust, 
that  will  never  be  forgotten — are  Second  Corporal  A.  Hold- 
away,   Sapper  E.  C.   Short,  Sapper  W.   C.  Weakley,  and 
Sapper  E.  J.  West.     "These  few,  these  happy  few,"  will 
never  return.    The   manner   of   their   death   was  pathetic 
rather  than  dramatic.     It  was  not  their  fate  to  fall  amidst 
the  din  and  fury  of  battle,  but  their  death  was  none  the  less 
heroic  in  that  they  died  a  lingering  death  in  the  hospital, 
stricken  down  at  the  post  of  duty  not  by  Mauser  bullets 
sped  by  the  hand  of  an  unseen  foe,  but  by  the  deadlier 
stroke  of  that  subtlest  of  enemies,  that  with  sleuth-hound 
tenacity  dogs  the  footsteps  of  armies  in  the  field — enteric 
fever.    Just  as  surely  as  the  bullet  sends  the  sorely  wounded 
man  to  the  hospital,  so  with  equal   sureness  this   lurking 
enemy  strikes   home,  and   exacts  the   same  endurance  of 
long-drawn-out  suffering,  and  with  even  greater  likelihood 
that  all  the  skill  of  the  doctor  and  all  the  care  of  the  nurse 
may  prove  of   no  avail,  and  that  the  end  of  all  is — a  few 
freshly-turned  sods  on  the  veldt.     But  no,  that  is  not  all, 
for  it  is  not  true  that  death  is  the  end  of  life  :  life  and  the 
deeds  of  life  are  ineffaceable.    These  few  gallant  members 
of  a  gallant  band  have  the  supreme  honour  of  having  died 
serving  their  country  in  a  good  cause.     So  dying,  they  have 
achieved  immortality.     They  fell  marching  in  the  path  of 
duty,  and  now,  as  ever,  "  The  path  of  duty  is  the  way  to 
glory.*' 

Let  us  always  remember  them,  and  let  us  also  remember 
those  to  whom  they  were  near  and  dear,  and  let  us  try  to  lift, 
if  ever  so  slightly,  the  burden  of  their  sorrow,  by  our  sym- 
pathy.    I  beg  to  move,  "That  the  Institution  of  Electrical 
Engineers  desires  to  express  its  deep  sorrow,  and  to  tender 
its  heartfelt  sympathy  to  the  relatives  of  Corporal  A.  Hold- 
way  and  Sappers  E.  C.  Short,  W.  C.  Weakly,  and  E.  J. 
'^t,  who  lost  their  lives  while  serving  in  the  Corps  of 
'trical  Engineers  (Royal  Engineers)  Volunteers  in  South 


IWa]  AFRICA:  VOTE   OF   CONGRATULATION.  307 

Africa,  and  so  gallantly  devoting  their  technical  skill  to  their 
country's  need." 

Sir  Henry  Mance;  It  has  occurred  to  me  that  although 
there  are  many  who  would  have  seconded  this  resolution 
with  greater  eloquence,  there  is  a  certain  fitness  in  asking 
me  to  perform  the  duty.  I  suppose  1  am  the  oldest 
Volunteer  in  the  Institution  of  Electrical  Engineers.  I 
joined  the  movement  in  the  fifties,  and  for  many  years 
before  I  left  India  I  was  an  officer  in  the  Volunteers 
there.  There  is  anotlier  reason  why  1  feel  great  sympathy 
with  this  evening's  proceedings,  namely,  because  I  have  two 
sons  in  South  Africa,  one  of  them  an  officer  of  the  Royal 
Engineers,  who  was,  I  believe,  on  board  the  first  train  which 
entered  Mafeking  after  the  siege.  I  think  that  this  resohi- 
tion  will  be  some  consolation  to  the  relatives  of  those 
who  have  lost  their  lives.  I  remember  some  time  ago 
being  at  Southampton  and  witnessing  the  departure  of 
some  thousands  of  our  troops,  as  happy  as  men  could  be. 
Among  them  were  many  men  who  were  making  great 
sacrifices,  but  when  1  walked  away,  with  a  rather  heavy 
heart,  I  felt  that  those  who  were  making  the  greatest  sacri- 
fices were  the  wives  and  mothers  and  the  women  of  this 
country. 

I  beg  to  second  the  resolution. 

The  President  :  With  Mr.  Swan's  permission,  1  should 
like  to  add  one  line  to  the  resolution,  namely,  "and  that 
the  Secretary  be  instructed  to  communicate  with  their 
relatives." 

The  resolution,  with  the  addition  proposed  by  the  Pre- 
sident, was  carried  in  silence,  all  the  members  present 
rising  in  their  places. 

The  President  announced  that  the  scrutineers  reported 
the  following  candidates  to  have  been  elected  ; — 

Associate  Members : 

Eric  Philip  Barfield. 

Charles  Shore. 

Sludail  : 
George  Thomas  Lundy. 
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MANCHESTER  LOCAL  SECTION. 

Paper  read  at  Meeting  ofScction^  November  lyth,  1900. 

RELATIVE    ADVANTAGES    OF    DIRECT-CURRENT 

AND  Three-phase  distribution  for 

SMALL  INSTALLATIONS. 
By  Hardman  A.  Earle,  Member. 

When  accepting  an  invitation  to  read  a  paper  before  this 
Institution,  I  was  for  some  time  in  doubt  as  to  what  subject 
I  should  choose ;  none  was  particularly  uppermost  in  my 
mind  as  one  upon  which  I  wished  to  discourse,  but  I  came 
to  a  decision  while  travelling  abroad  ;  the  question  covered 
by  the  title  of  my  paper  being  brought  most  prominently 
before   me,  owing  to  the  competition  and  different  state- 
ments I  met  with,  with  regard  to  the  relative  advantages  of 
three-phase  and   direct-current  machinery   for  small   and 
medium-sized  installations.     Owing  to  this,  it  occurred  to 
me  that  a  comparison  between  the  two  systems  would  be  of 
interest  and  likely  to  give  rise  during  its  discussion  to  points 
which  would  be  a  guide  for  the  future.     Competition  is  not 
always,  especially  in  some  countries,  carried  on  on  strictly 
commercial  lines,  and  I  have  experienced  instances  where  a 
competing  firm,  finding  it  could  not  secure  an  order  for 
direct-current  machinery,  has  offered  polyphase  machinery 
as  an  alternative,  singing  its  praises  at  great  length,  setting 
forth  advantages  without  number,  and   naturally  ignoring 
the  other  side  of  the  question  ;  this  is  not  as  it  should  be, 
but  with  inexperienced  purchasers,  with  no  one  to  guide 
them,  it  is  at  times  successful. 

I  have  found  the  title  I  first  adopted  for  my  paper  some- 
what too  limited  in  its  scope,  and  have  briefly  considered 
questions  which  relate  to  the  distribution  from  substations, 
as  well  as  that  of  the  choice  of  machinery  and  distribution 
for  small  installations. 

The  type  of  machinery  and  the  system  to  be  adopted  for 
supply  and  distribution  are,  in  the  case  of  large  plants,  most 
carefully  considered  ;  simplicity  of  design,  first  cost,  and 
subsequent  economy  being  among  the  most  important  of 
the  many  factors. 


1900.]  AND  OF  THREE-PHASE  DISTRIBUTION.  809 

In  the  case  of  small  installations,  however,  such  as  are 
put  down  to  supply  light  and  power  for  mills  and  factories, 
the  question  is  not  infrequently  decided  irrespective  of 
theoretical  considerations. 

The  purchaser  in  England  is  very  usually  in  the  hands 
of  the  consulting  engineer,  but  in  countries  where  this 
commodity  does  not  exist  he  is  often  guided  by  the 
persuasive  power  of  the  seller,  and  sometimes  by  fashion. 
For  the  lowest  price  may  mean  but  little  as  regards  cheap- 
ness when  there  is  no  specification.  There  are  many  ways 
of  preparing  a  low  tender ;  and  the  omission  of  something 
in  one  which  is  included  in  another,  the  adoption  of  different 
voltages,  various  groupings  of  lamps  and  motors,  different 
speeds  for  generators  and  motors,  may  give  one  system  an 
apparent  advantage  over  another  which  it  does  not  in  reality 
possess. 

Many  firms  have,  up  to  the  present,  given  their  chief 
attention  to  direct-current  work,  and  this  has  met  the  wants 
of  the  smaller  installations  as  well  as  those  of  the  greater 
portion  of  the  large  central  stations.  Single-phase  supply  at 
high  voltage,  with  distribution  from  transformer  stations, 
has  competed  keenly  with  direct  current,  but  lamps  of 
higher  voltage,  together  with  three-wire  distribution,  has 
given  the  latter  a  long  lease  of  life,  and  has  enabled  it  to  be 
employed  for  large  areas  without  undue  loss  or  a  prohibitive 
cost  of  copper. 

We  have  seen  50-volt  and  subsequently  loo-volt  lamps 
in  regular  use  for  large  installations,  but  now  200  up  to  230- 
volt  lamps  are  quite  the  accepted  standard,  and  this  higher 
pressure  has  so  largely  reduced  the  first  cost  of  copper  that 
in  many  stations  where  the  use  of  alternating  currents  was 
formerly  warranted,  direct-current  machinery  is  being  put 
down,  and  even  in  some  instances  the  alternating-current 
machinery  being  taken  out.  Running  and  driven  balancers, 
together  with  feeder  boosters,  are  required  as  auxiliary 
machines  for  direct-current  three-wire  distribution,  from 
substations  dealing  with  large  powers,  and  feeding  over  a 
considerable  area ;  but  it  is  more  than  probable  that  in  the 
future  400-volt  lamps  will  be  available,  which,  with  a  two- 
wire  distribution,  would  render  the  two  first-named  machines 
unnecessary,  and  eliminate  the  cost  of  the  centre  wire.  A 
polyphase  and  monophase  machinery  lives  on  the  price  < 
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copper,  it  can  be  fairly  assumed  that  every  saving  in  this 
respect  will  take  away  their  livelihood  and  reduce  their 
utility.  Where  lighting  constitutes  the  largest  proportion  of 
the  load,  the  copper  required  is  proportional  to  the  watts  per 
candle  taken  by  the  incandescent  lamps,  any  reduction, 
therefore,  in  this  respect  is  of  great  importance  ;  lamps  are, 
I  understand,  shortly  to  be  put  on  the  market  consuming  2 
watts  per  candle,  or  even  less,  and  every  advance  in  this 
direction  is,  I  again  hold,  to  the  advantage  of  direct  current, 
and  will  enable  it  to  cover  a  wider  field,  for  who  will  use 
high  voltages  and  transform  down,  if  they  can  use  low  with 
equal  economy,  or  include  complications  when  they  may  be 
omitted  ?  All  auxiliary  machinery  and  apparatus  has  only 
one  object,  and  that  is  to  reduce  the  price  of  the  mains,  or, 
as  I  have  seen  it  stated,  adopted  in  the  vain  endeavour  to 
cheat  Ohm's  law  out  of  its  due  tribute  of  copper. 

There  are  some  who  blindly  champion  alternating  and 
polyphase  systems,  call  commutators  excrescences,  and  quote 
experiments  which  claim  to  show  that  polyphase  weigh  a 
mere  fraction  of  direct-current  machines.  A  statement  in 
Herr  von  Dobrowolsky's  remarks  in  the  discussion  on  a 
paper  read  by  Herr  Gorges  in  1892  was  quoted  in  the  first 
edition  of  a  book,  and  has  again  appeared  in  the  second 
edition,  namely,  that  a  certain  ipultipolar  continuous-current 
machine  gave  11,000  watts,  but  that  when  a  three-phase 
armature  was  run  in  the  same  fields,  it  gave  an  output  of 
33,000  watts.  I  doubt  this  test  being  one  which  one  could 
consider  upon  a  commercial  basis.  On  turning,  however, 
to  the  paper  in  question,  I  find  that  Herr  von  Dobrowolsky 
also  said :  An  alternating-current  machine  is  so  totally 
different  in  its  construction  to  a  direct-current  machine,  that 
such  comparisons  cannot  be  fairly  made,  and  that  it  is 
equivalent  to  saying  that  a  spoon  has  an  efficiency  of  100 
per  cent,  when  used  for  soup,  but  only  one  of  50  per  cent, 
when  used  for  cutting. 

Notwithstanding  all  this,  the  polyphase  system  is  at  the 
present  time  the  most  satisfactory  solution  of  long-distance 
transmission,  and  will  be  utilised  more  and  more  to  transmit 
large  powers  into  the  centre  of  towns,  and  to  cope  with  the 
many  difficulties  which  present  themselves ;  but  the  chief 
point  I  desire  to  raise  is,  whether  the  distribution  from  the 
substations  should  be  by  polyphase  or  direct  current,  and 
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whether  for  smaller  installations  one  system  offers  such 
advantages  over  the  other  as  to  warrant  a  preference  being 
given. 

Notwithstanding  the  existence  of  several  eminent  advo- 
cates of  single-phase  machinery,  I  do  not  propose  to 
consider  it,  nor  have  I  had  to  deal  with  it  in  connection 
with  the  competition  I  have  experienced,  especially  abroad. 

With  regard  to  the  two  remaining  rival  systems,  the 
commutator  seems  to  be  the  red  flag  of  polyphase  ex- 
ponents, but  any  trouble  that  has  been  experienced  on 
this  behalf  is  merely  a  passing  nightmare,  and  has  only 
occurred  with  machines  of  large  power  running  at  high 
speeds,  in  connection  with  which  considerable  experience 
is  required  and  very  high  class  workmanship  demanded  in 
order  to  enable  carbon  brushes  to  maintain  good  contact  on 
a  surface  running  sometimes  as  high  as  40  miles  an  hour; 
this  difficulty  has  been  experienced  by  most  of  us,  but  is 
being  rapidly  overcome,  and  in  a  short  period  it  will  be  a 
thing  of  the  past.  It  is,  however,  much  to  be  desired  that 
the  high  engine  speeds  which  have  been  saddled  upon  us 
for  plants  of  1,000  horse  and  upwards  may  in  the  future  be 
reduced  some  20  per  cent. 

With  reference  to  the  comparative  weights  of  direct- 
current  and  polyphase  generators,  we  may  take  as  a  good 
example  of  the  latter  one  of  the  32-pole  three-phase 
generators  built  for  the  Central  London  Railway,  and  which 
has  an  output  on  full  load  of  850  kw.  at  94  revolutions  ;  this 
machine  has  a  weight  of  37  tons,  or,  with  exciter,  say  39 
tons.  As  an  example  of  a  large  direct-current  traction  and 
lighting  generator,  we  may  take  one  of  a  number  of  lo-pole 
machines  now  being  built  at  Salford  Ironworks,  having  an 
output  of  900  kw.  with  fixed  lead,  and  running  at  95  revolu- 
tions per  minute.  This  machine  has  a  weight  of  45  tons,  or, 
correcting  for  the  increased  output,  it  equals  42  tons ;  this 
machine  could,  however,  have  been  built  lighter  as  a  shunt 
generator,  with  the  compound  windings  omitted,  and,  with 
the  smaller  range  of  voltage  then  necessary,  the  magnets 
would  have  been  lighter,  and,  probably  with  advantage, 
more  in  number;  the  weight  would  then  have  been  practically 
identical  with  the  poljrphase  generator,  with  which  it  has 
been  compared. 

With   regard   to   the  weights  and  prices  of  still  lar 


312        EARLE  :  ADVANTAGES  OF  DIRECT-CURRENT      [Manchester, 

generators,  I  have  compared  a  1,400  kw.  x  cos  ^  polyphase 
generator  running  at  93  revolutions  with  a  direct-current 
one  of  the  same  output,  and,  for  the  same  speed,  the  fornix, 
with  exciter,  would  weigh  approximately  some  64  tons,  and 
the  direct-current  generator  approximately  the  same.  Com- 
paring the  prices  of  the  above  machines,  the  polyphase  has 
the  advantage  and  is  approximately  some  12  per  cent,  cheaper 
to  build,  this  being  chiefly  due  to  the  cost  of  the  commutator 
on  the  direct-current  machine. 

There  is,  however,  one  point  which  cannot  be  passed  by 
unnoticed,  and  that  is  the  small  safety  clause  attached  to 
the  output  of  the  polyphase  machine,  namely,  cosine  ^ — 
what  is  this  ?  Why  it  means  that  on  an  inductive  load  this 
apparent  12  per  cent,  advantage  is  wiped  out,  and  may  even, 
and  very  probably  will,  put  the  boot  on  the  other  foot ;  but 
more  of  this  later  on. 

With  regard  to  smaller  sizes  of  200  to  400  kw.,  I  do  not 
find  that  there  is  much  difference  ;  in  fact,  the  figures  I  have 
tend  to  show  that  the  advantage  is  on  the  side  of  direct 
current,  but  I  will  not  press  this  point. 

Respecting  the  weights  of  the  two  types  of  motors,  the 
polyphase  type  with  squirrel-cage  rotor  is  considerably 
lighter,  but  the  large  motors  of  50  to  100  horse-power  with 
wound  rotors  weigh  about  the  same. 

Comparing  the  price  at  which  the  smaller  sizes  are  sold, 
the  polyphase  have  an  advantage  of  about  5  per  cent. ;  but 
figures  1  have  carefully  examined  for  motors  from  10  to  100 
horse-power  with  wound  rotors  show  a  good  average  of  10 
per  cent,  in  favour  of  continuous  current,  when  compared 
with  polyphase  motors  imported  into  this  country,  and  the 
cost  of  importation  does  not  amount  to  10  per  cent. 

Considering  next  the  cost  or  weight  of  mains,  the 
advantage  is  on  the  side  of  three-wire  direct-current 
distribution,  as  may  be  seen  from  the  following  table  on 
pages  314  and  315. 

In  that  table  it  is  assumed  that  the  various  systems 
are  for  incandescent  lighting  as  well  as  for  power,  and  that 
the  voltage  is  limited  by  the  lamps,  the  circuits  being  so 
arranged  that  each  lamp  can  be  switched  on  singly. 

As  regards  the  voltage,  column  i  gives  the  virtual  volts 
between  any  two  wires  when  lamps  of  the  same  pressure, 
namely  200  volts,  are  '^  ^n  each  system ;  but  this 
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figure  may  certainly  be  taken  exception  to  in  the  case  of  the 
alternating  systems,  for  it  jnust  not  be  forgotten  that  their 
maximum  voltage  is  the  >/  2  times  their  working  voltage,  or 
1-41  times  as  great.  And  this  cannot  be  lost  sight  of  when 
taking  into  consideration  the  questions  of  insulation  and 
risk  from  shocks.  I  have,  accordingly,  given  in  column  2 
the  maximum  voltage  between  any  two  mains  on  this  basis. 

There  is  also  another  point  to  be  borne  in  mind  in 
connection  with  the  mains  for  polyphase  systems  which 
contain  many  motors,  and  that  is  for  equal  loss  they  must 
be  increased  in  section  at  least  10  per  cent,  above  that  given 
in  the  table,  and  required  for  continuous-current  systems, 
in  order  to  allow  for  the  loss  due  to  wattless  currents,  and 
this  figure  may  have  to  be  still  further  increased  to  20  per 
cent,  or  even  more  should  many  of  the  motors  be  put  down 
to  deal  with  very  variable  loads  ;  in  fact,  the  section  of  the 
mains  in  the  table  must  be  increased  in  the  inverse  ratio  of 
the  power-factor  of  the  system,  taking  into  consideration 
both  motors  and  lamps. 

In  the  comparison,  a  third  or  common  wire  has  been 
included,  where  necessary,  to  fulfil  the  condition  of 
individual  control,  but  the  systems  are  assumed  to  be  in 
balance,  i.e.,  there  is  no  loss  in  the  centre  wire,  which  has 
been  taken  in  all  cases  as  25  per  cent,  of  the  weight  of  an 
outer. 

It  is  seen  that  continuous-current  three-wire  systems  are 
only  beaten  by  i,  namely,  in  the  case  of  the  three-phase  star 
with  common  return,  but  then  the  saving  by  having  only 
three  wires  instead  of  four  to  fix  and  insulate  would  cancel 
this  small  difference,  not  to  mention  the  better  .regulation 
which  can  be  obtained  with  continuous-current  machinery. 

With  regard  to  this  small  difference  of  1,  the  three-phase 
star  has,  moreover,  no  right  to,  for  it  is  entirely  eliminated, 
and  the  tables  are  turned,  by  what  I  have  said  respecting 
the  loss  due  to  wattless  currents  when  motors  are  used ;  and 
the  three-wire  direct-current  system  is  then  found  to  be  at 
least  10  per  cent,  the  best  of  all,  as  regards  the  weight  of 
copper. 

From  the  way  I  have  drawn  the  diagrams  of  the  three- 
phase  star  circuits,  it  can  readily  be  seen  why,  when  lampf 
are  used,  the  fourth  or  common  wire  is  necessary  to  maif 
tain  proper  regulation  of  voltage  on  the  lamps,  for  withoul 
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the  system  would  be  comparable  to  a  continuous-ciurenl 
two-wire  system  with  three  lamps  in  series. 

Turning  next  to  the  question  of  running  motors  upon 
the  circuits,  the  points  to  be  considered  are — 

(i)  Starting  Torque.  (3)  Constancy  of  Speed. 

(2)  Regulation  of  speed.  (4)  Efl&ciency. 
Polyphase  motors  are  essentially  constant-speed 
machines,  and  the  speed  of  the  smaller  sizes  is  high,  the 
arrangement  of  the  winding  is  limited,  and  in  this  respect 
they  do  not  so  readily  lend  themselves,  as  continuous- 
current  motors  do,  to  windings  by  which  any  desired  speed 
can  be  obtained.  Various  ingenious  methods  have  been 
adopted  to  meet  the  requirements,  which  are  more  or  less 
satisfactory,  but  there  is  still  considerable  room  for  further 
development. 

I.  Starting  Torque. 

A  continuous-current  motor,  even  when  shunt  wound, 
exerts  its  full  torque,  with  a  small  increase  of  current  over  the 
full  load  current,  and  is  capable  of  satisfactorily  dealing  with 
any  work  for  which  it  may  be  employed  ;  small  three-phase 
motors  with  squirrel-cage  rotors,  starting  with  full  torque 
require  a  momentary  rush  of  current,  approximately  equal 
to  2j  times  the  full-load  current;  this  ^  is  an  undesirable 
feature,  and  to  obviate  it  motors  of  larger  powers  are  started 
up  with  a  resistance  in  the  rotor  circuit.  This  minimises 
but  does  not  remove  the  defect. 

This  behaviour  would  prevent  a  three-phase  power 
installation  being  arranged  so  that  all  motors  may  start 
up  with  the  generator.  With  respect  to  this,  I  arranged  a 
power  installation  of  850  E.H.P.  in  a  large  spinning  and 
weaving  mill  abroad,  in  which  are  included  some  ten 
compound  wound  continuous-current  motors,  placed  long 
distances  apart,  and  ranging  from  220  to  30  horse-power ;  in 
this  installation  all  the  motors  can  start  up  simultaneously 
with  their  generator,  on  practically  full  load,  the  starting 
current  required  being  not  more  than  some  50  per  cent,  in 
excess  of  the  full  working  current. 

In  cases  where  the  running  torque  is  constant,  but 
where  a  great  starting  torque  is  required,  series  wound 
continuous-current  motors  offer  the  best  solution. 

I  have  ^  oecially  in  my  mind,  in  connection 
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with  a  polyphase  installation  in  a  cotton  mill,  where  a  large 
number  of  motors  of  8  B.H.P.,  with  squirrel-cage  rotors,  were 
put  down,  each  to  run  a  line  shaft  driving  24  narrow  looms  ; 
in  this  case  trouble  was  experienced  in  starting  up,  belts 
coming  off,  or  the  motors,  expecially  on  Monday  morning, 
when  everything  was  stiff,  refusing  to  start  at  all.  Larger 
motors  were  in  some  instances  put  in,  and  in  others  fast 
and  loose  pulleys  were  added :  a  7-H.P.  direct-current  motor 
would  have  done  the  same  work,*  and  have  given  better 
results. 

One  method  of  increasing  the  torque  of  polyphase 
motors,  on  starting,  is  to  increase  the  voltage  on  the  stator 
by  means  of  a  booster  transformer. 

Another  method  is  to  alter  the  connections  of  the  stator 
windings  from  star  to  mesh  ;  thus  increasing  the  pressure  in 
the  ratio  of  173  :  i.  Another  arrangement  is  to  change  the 
connections  of  the  stator  coils  from  series  to  two  sets  in 
parallel. 

The  requisite  starting  torque  can,  however,  be  obtained 
from  a  direct-current  motor,  whether  shunt  or  series  wound, 
without  any  of  these  devices. 

2.  Speed  Regulation. 

The  regulation  of  speed,  either  of  continuous-current  or 
of  polyphase  induction  motors,  is  effected  by  somewhat 
similar  means. 

The  speed  of  an  ordinary  shunt-motor  can  be  varied  in 
three  ways,  either  by  inserting  a  resistance  in  the  armature 
circuit,  by  altering  the  voltage  of  supply,  or  by  varying  the 
strength  of  the  fields. 

Like  shunt  or  series  direct-current  motors,  polyphase 
motors,  except  the  smallest  sizes,  require  a  resistance  to  be 
inserted  in  the  rotor  or  revolving  windings  to  keep  the 
starting  current  within  bounds.  Merely  by  the  use  of  such  a 
resistance  any  desired  variation  of  speed  can  be  obtained 
with  either  type.  With  this  method  of  regulation,  however, 
the  input  remains  practically  constant,  and  it  is  therefore 
too  wasteful  to  be  adopted  where  a  high  average  efl&ciency 
is  imperative  throughout  the  whole  range  of  speeds. 

A  direct-current  motor  running  on  a  three-wire  system 
with  two  voltages  available,  combined  with  regulation  of 
the  field,  can  be  made  to  yield  a  very  high  mean  efficiency 
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equalling  83  per  cent,  for  the  whole  of  the  working  range — 
that  is  for  some  66  per  cent,  of  the  speeds  and  an  average  of 
75  per  cent,  throughout  the  whole  range.  Weakening  the 
field  by  introducing  resistance  into  the  stator  circuit  of  a 
polyphase  motor  increases  the  slip  and  the  motor  runs 
slower  ;  but  as  the  field  supplies  the  rotor  current  in  the 
same  manner  as  the  primary  of  a  transformer  supplies  the 
secondary,  the  torque  falls  off  very  rapidly. 

By  doubling  the  number  of  poles  in  the  stator  winding 
the  speed  can  be  halved ;  this  necessitates,  however,  an 
inconvenient  number  of  windings,  increases  the  compli- 
cation of  the  switch,  etc.,  and  is  rather  impracticable. 

Considering  the  various  devices  as  a  whole,  one  cannot 
but  be  drawn  to  the  conclusion  that  the  direct-current  motor 
on  a  three-wire  system,  with  two  voltages  available,  or  on  a 
two-wire  system  with  double  wound  armature,  together 
with  the  provision  for  some  field  regulation,  is  the  simplest 
and  most  desirable,  for  it  gives  all  variations  of  speed  most 
economically,  and  it  can  be  easily  arranged  so  that  there  is 
no  jump  whatever  between  one  speed  and  another.  Three 
or  four  instances  have  come  to  my  notice  where  power  has 
been  transmitted  to  a  works  from  a  considerable  distance 
by  polyphase  current,  but  in  connection  with  which  motor 
generators  have  been  added  to  supply  direct  current  to 
motors  requiring  to  be  operated  through  a  large  range  of 
speed  at  a  high  mean  efficiency. 

3.  Constancy  of  Speed  under  Varying  Loads. 

In  this  respect  a  shunt  wound  continuous-current  motor 
acknowledges  no  superiority  to  the  polyphase ;  the  slip  on 
the  latter  increases  with  the  load,  but  shunt  wound  motors 
are  available  which  can  maintain  constant  speed  from  no 
load  to  full  load. 

For  Tramway  work  a  polyphase  motor  will  maintain 
a  more  constant  speed  when  climbing  hills  than  a  series 
wound  continuous-current  motor,  but  as  this  is  at  the 
expense  of  current,  a  high  speed  on  the  level  and  a  slower 
speed  on  hills  seems  more  to  be  desired,  and  likely  to 
reduce  the  maximum  current  demanded  from  the  station. 

4.  Efficiency. 
1  have  compared  the  efficiencies  of  direct-current  motors 


1900.]  AND  OF  THREE-PHASE  DISTRIBUTION.  819 

which  have  been  most  accurately  tested,  with  figures  which 
I  consider  are  fairly  representative  of  what  can  be  obtained 
with  polyphase,  and  give  the  comparisons  below  : — 

3j  6  10  25  50      lOOB.H.P. 

Direct  current  82%  ...  85%  ...  86%  ...  91%  ...  92%  ...  92% 
Polyphase    ...  75%  ...  80%  ...  84%  ...  88%  ...  90%  ...  91% 

This  shows  a  large  superiority  for  direct-current  motors 
of  small  power,  and  a  small  advantage  on  the  larger  sizes. 

The  power-factor  of  polyphase  motors,  as  far  as  any 
published  figures  go,  as  well  as  those  which  are  obtained 
from  various  makers,  vary  more  widely  than  seems  at  all 
necessary,  and  in  order  to  obtain  a  fair  average,  I  dotted  all 
the  power-factors  I  could  get  upon  a  sheet  of  paper,  and 
then  drew  a  curve  through  the  lot,  and  I  give  you  below  the 
readings  which  resulted  from  this  curve. 

Power-factor  for  polyphase  motors  on  full  load  : — 
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With  regard  to  the  above,  it  is  needless  to  remark  that  the 
power-factor  of  continuous-current  motors  is  unity. 

Having  considered  how  the  various  operations  are 
effected  for  changing  either  the  speed  or  torque  or  both, 
let  us  consider  the  conditions  under  which  motors  have 
to  work ;  these  may  be  divided  under  four  heads  and 
stated  as  follows  : — 

(i)  Constant  speed  with  constant  torque. 

(2)  „  „  variable        „ 

(3)  Variable       „  constant       „ 

(4)  ff  II  variable        „ 

Constant  Speed  with  Constant  Torque. 

This  condition  is  one  which  exists,  when  motors  are  used 
to  drive  lengths  of  shafting,  from  which  again  are  driven  a 
considerable  number  of  small  machines,  such  as  are  found 
in  a  cotton  mill,  or  a  large  machine  shop ;  in  this  instance  the 
load  is  fairly  constant,  possibly  not  varying  more  than  some 
ID  per  cent. ;  it  is  in  such  cases  that  a  polyphase  motor  is  at 
its  best,  and  endeavours  to  rival  the  shunt  wound  direct- 
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;;'  n^rator  cf>\\\(\  do  17^  per  cent,  more  work  than  it  would 
\}<:  Hh\n  to  do  under  the  latter  condition.  But,  again,  with 
rn  ir»y  motors  working  on  a  system,  a  power-factor  of  "85 
ranriot  always  be  relied  upon,  and  one  of  '75  or  even  lower 
may  have  to  be  reckoned  with.  We  see  from  this  that  the 
fifsl  rr»sf  (A  Tin  installation  may  be  considerably  increased 
by  this  cf>nsideration,  and,  besides  this,  the  wattless  currents 
rxcrcisc  a  very  bad  effect  on  the  regulation  of  a  three-phase 
inacliine,  very  much  more  so  than  if  the  currents  were  in 
phase,  necessitating  very  much  heavier  windings  on  the 
ma>>nets  to  deal  with  a  low  power-factor  than  a  high  one. 

Vakiablk  Spkkd  with  Constant  Torque. 

HiiH  third  condition  is  met  with  very  frequently,  for  in- 
stimre,  when  driving  callenders,  paper-making  machinery', 
inul  ni  pumping,  etc.  To  meet  it  with  polyphase  motors 
I  ho  regulating  switches  arc  more  complicated,  and  to  effect 
uuuty  changv^s  of  speed  the  groupings  of  the  windings 
hoi'ouu*  \uany  in  number  and  efficiency  is  sacrificed;    in 

this    lospoo*  '* ''tinuous-current  motor  is  more  easily 

u^>uuvgid  \  *<  higher  mean  efficiency. 
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Variable  Speed  with  Variable  Torque. 

The  fourth  condition  is  especially  present  when  driving 
calico  printing  machinery;  an  eight-colour  machine,  for 
instance,  may  be  utilised  for  printing  any  desired  number 
of  the  eight  colours ;  the  torque  increasing  practically  in 
direct  proportion  to  the  number  of  rollers  in  use,  the  speed 
of  printing  the  goods  at  the  same  time  varies  in  accordance 
with  the  number  of  colours  being  printed,  and  with  the  class 
of  work  the  machine  is  doing. 

For  this  class  of  work  a  very  even  turning  moment  is 
necessary  ;  one  must  be  able  to  run  up  to  any  desired  speed 
without  jumps  or  jerks,  and  the  contemplation  of  a  three- 
phase  motor  arranged  for  high  efficiency  at  all  speeds  and  to 
comply  with  the  requisite  conditions,  is  not  a  taking  one. 

I  have  heard  the  point  raised  that  for  factories  where 
there  is  much  inflammable  dust  about,  a  chance  spark  from 
the  commutator  might  set  the  place  on  fire ;  but  perfectly 
satisfactory  entirely  closed  direct-current  motors  are  at 
work,  not  considering  the  thousands  on  tramcars,  and  in 
factories  of  all  descriptions.  Fire-proof  gauze  covers  are  also 
employed  for  motors ;  these  do  not  exclude  all  ventilation, 
and  render  the  motor  quite  reliable  even  where  spirit 
vapours  are  present. 

The  facility  for  the  use  of  batteries  on  direct-current 
systems  is  one  which  must  receive  careful  consideration. 
These  are  continually  improving  in  quality,  give  excellent 
results  in  the  hands  of  those  that  understand  them,  and  offer 
great  advantages,  both  as  a  stand-by  and  as  regulators ; 
they  can  therefore  frequently  be  utilised  to  assist  direct- 
current  supply,  and  at  times  to  effect  considerable  economy, 
whereas  a  three-phase  battery  has  yet  to  be  invented. 

Polyphase  motors  appear  specially  suitable  for  long  lines 
of  railway  where  considerable  distances  are  travelled  without 
a  stop,  at  a  uniform  rate  of  speed,  and  where  crossing  points, 
which  would  complicate  the  conductors,  do  not  exist,  for 
beyond  a  comparatively  limited  distance  high  voltage  must 
be  used,  and  then,  whichever  system  is  employed,  trans- 
forming apparatus  is  necessary;  in  such  instances  polyphase 
supply,  with  polyphase  motors  on  the  train,  would  not  call 
for  rotating  transformers,  stationary  transformers  along  the 
line  being  the  simplest  and  cheapest  arrangement, 
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Such  a  system  is,  however,  unsuitable  for  use  in  towns, 
with  frequent  stops  and  a  very  variable  rate  of  speed;  besides 
this,  1  am  sure  that  it  would  create  a  great  commotion  among 
the  inhabitants  of  a  town  nqt  lOO  miles  away,  if  it  were  pro- 
posed to  erect  two  trolley  wires  in  place  of  the  one,  which  to 
some  already  appears  distasteful.  Judging  from  what  some 
of  the  larger  firms  on  the  Continent  are  doing  with  respect 
to  polyphase  machinery,  I  understand  that  although  they 
have  given  it  the  very  greatest  attention,  they  find  that 
the  volume  of  their  direct-current  work  exceeds  that  of 
the  polyphase. 

I  have  endeavoured  to  consider  the  chief  points  which 
should  guide  us  in  the  choice  of  a  system  for  use  for  the 
smaller  installations. 

In  cases  where  lighting  alone  is  required,  the  first  cost  of 
polyphase  or  direct-current  would  appear  to  be  very  similar. 
The  simplicity  of  the  latter  system,  both  as  regards  the  wiring 
and  the  regulation  of  the  voltage,  to  my  mind,  gives  direct 
current  the  preference. 

Where  a  number  of  motors  are  on  the  circuit,  for  whatever 
purpose  they  may  be  required,  and  whether  the  system  in- 
cludes lighting  or  not,  I  consider  that  direct  current  shows  a 
very  decided  advantage  except  in  a  few  special  cases ; 
moreover,  the  use  of  batteries  is  all  but  excluded  with  poly- 
phase systems,  even  for  a  night  load,  and  this  is  frequently 
of  considerable  importance.  I  have,  doubtless,  to  some 
minds  left  unsaid  many  things  I  ought  to  have  said,  and 
to  others  said  many  things  I  ought  not  to  have  said,  but 
this  may  be  more  an  advantage  than  otherwise,  for  it  will 
admit  of  those  shortcomings  being  criticised  during  the 
discussion,  and  may  enable  me  to  fill  the  gaps  and  correct 
my  errors. 

Mr  Miller.  Mr.  Thos.  L.  Miller  agreed  with  Mr.  E^le  in  his  conclfisiofis  as  to 

the  advantages  direct-current  possesses  over  polyphase  transmission  for 
small  installations,  and  particularly  where  speed  regulation  of  the 
machines  was  a  matter  of  importance.  Polyphase  transmission  had 
undoubtedly  come  very  much  to  the  front  of  recent  years  ;  but  while 
the  system  had  very  considerable  advantages  where  energy  was  trans- 
mitted over  considerable  distances,  where  the  flexibility  of  the  system 
could  be  utilised  to  the  utmost,  he  thought  that  for  small  installations 
direct-current  tr  '  -wi,  in  the  majority  of  cases,  decided  ad- 

vantages over  i'  had  pointed  out,  in  this  matter — as  in 

^o  ma^iy  qtl\e  nstanped— fashion,  and  that  idea  sj> 
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prevalent  in  some  quarters  that  nothing  good— electrically — could  be  Mr.  Miiier. 
produced  in  this  country,  had  had  much  to  do  with  the  spread  of  poly- 
phase transmission  over  comparatively  short  distances  in  these  parts. 
Much  was  being  said  at  the  present  time  about  the  spread  of  polyphase 
transmission  abroad ;  but  the  speaker  thought  that  in  many  cases  the 
conditions  under  which  this  work  was  being,  or  had  been,  carried  out 
had  been  entirely  lost  sight  of.  A  study  of  the  published  records  of  the 
work  carried  out  on  this  system,  both  on  the  Continent  and  in  America, 
showed  that  in  the  majority  of  instances  either  cheap  power  or  trans- 
mission over  comparatively  long  distances,  or  both  combined,  had  been 
the  chief  factors  in  determining  its  adoption. 

Mr.  Earle's  table  giving  the  weight  of  copper  used  in  the  various 
systems  was  very  interesting ;  but  in  the  majority  of  cases  of  electrical 
transmission  in  small  installations  the  speaker  did  not  think  that  the 
iveight  of  copper  used  in  conductors  had  much  influence  in  determin- 
ing the  system  to  be  adopted.  Where  no  great  speed  variation  was 
required  he  was  of  opinion  that,  for  small  installations,  a  simple  two- 
wire  direct-current  system  had  much  to  recommend  it,  one  of  the  chief 
advantaged  being  that  it  could  be  put  in  charge  of  any  ordinary 
mechanic. 

With  regard  to  the  larger  question  of  electrical  distribution  in  cities, 
touched  upon  by  Mr.  Earle,  he  (Mr.  Miller)  did  not  think  any  general 
statement  of  opinion  could  be  given,  as  so  much  depended  upon  the 
special  circumstances  of  each  particular  case — and  until  these  were 
known  it  was  better  to  suspend  judgment ;  but  for  small  installa- 
tions for  factories,  mills,  and  works,  he  cordially  agreed  with  Mr. 
Earle  in  his  conclusions  as  to  the  advantages  of  direct-current  trans- 
mission. 

Mr.  W.  B.  Bayers  spoke  of  the  great  value  of  a  delicate  speed  Mr.  sayers. 
adjustment,  with  practically  no  loss  of  efficiency,  such  as  was 
possible  with  shunt-regulated  direct-current  motors  when  applied  to 
machine  tool  driving.  He  pointed  out  that  production  could  be 
materially  increased  by  a  careful  use  of  this  property  of  the  direct- 
current  motor.  He  instanced  a  case  in  which  Messrs.  Ganz  &  Co.  had 
been  obliged  to  instal  two  generators  with  different  periodicities,  and, 
by  means  of  a  change-over  switch,  arrange  for  any  motor  to  have  either 
periodicity  applied  to  it,  with  a  consequent  variation  of  speed. 

Mr.  A.  P.  Wood  referred  to  the  drop  of  pressure  which  he  had  Mr.  Wood. 
(Observed  take  place  in  the  supply  circuit  when  a  lo-H.P.  polyphase 
; motor  was  switched  on  to  a  loo-kw.  generator.  He  had  measured  it — 
,1  lo  volts  down  to  70  volts.  He  then  referred  to  the  microscopic  clear- 
ance in  pol3rphase  motors,  and  said  that  sooner  or  later  failure  must 
result  therefrom — especially  in  dusty  places. 

Mr.  L1ND1.EY  said  that  the  multiphase  motor  appeared  to  him  to  be   ^'"'  ^*"**^*'y 
an  ideally  perfect  machine  from  a  mechanical  point  of  view.    It  was  all 
very  well  to  say  that  commutators  did  not  give  trouble.     He  was  a  user 
of  direct-current  motors,  and  the  trouble  was  very  considerable.     He 
had  many  makes  in  his  works. 

Mr.  A.  Wh ALLEY  regretted  that  judgment  against  polyphase  mote- 
appeared  likely  to  go  by  default  at  this  rneeting  because  none  of  ^ 
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Mr.  few  experts  in  this  country  were  able  to  be  present      So  far  the 

*  *^  discussion  had  ignored  the  chief  assumption  of  the  paper,  that  power 
would  be  generated  and  transformed  at  substations  by  some  poly- 
phase apparatus,  which  meant  that  if  direct-current  motors  wctc 
adopted,  rotary  converters  were  needed  in  the  substations  and,  in 
addition,  a  low -tension  network.  The  conditions  which  would  warrant 
the  adoption  of  polyphase  motors  in  order  to  avoid  the  expense  of  a 
low-tension  network  and  the  use  of  rotary  converters  needed  further 
debate. 

It  appeared  to  him  too  late  to  discuss  merely  the  technical  merits  of 
the  rival  systems.  The  matter  was  now  a  commercial  one,  as  there  was 
abundant  business  to  be  done  in  the  world  in  polyphase  apparatus,  and 
up  to  the  present  this  has  been  the  only  manufacturing  country  not 
competing  for  such  business,  whether  due  to  a  lack  of  the  necessary 
commercial  or  technical  experience,  or  of  sufficient  skilled  workmen, 
or  of  the  necessary  manufacturing  capital  under  our  free  trade 
conditions.  The  foreign  firms,  whose  activity  has  led  to  this  paper 
being  read,  supplied  both  types  of  motor,  and  whatever  might  be  the 
correct  answer  to  the  questions  raised  by  the  author,  it  would  not 
reduce  their  competition. 

The  stronghold  of  the  direct- current  motor  appeared  to  be  its 
efficiency  ;  but  this  term  is  unfortunate  in  its  abuse,  there  being  many 
definitions,  nearly  all  of  which  ignore  light-load  losses,  and  none  arc 
complete  enough  to  indicate  the  nature  of  the  compromises  which  have 
been  made  in  the  design  of  a  motor.  Prompt  delivery,  proper  testing 
before  delivery,  real  interchangeability  of  parts,  and  the  durability  of 
the  motor-starting  gear,  in  addition  to  the  life  and  the  efficiency  of  the 
motors  themselves,  interested  purchasers,  and  it  was  not  easy  to  get 
satisfaction  on  all  these  points.  There  appeared  to  be  too  many  makers 
of  direct-current  motors  in  this  country,  i.e,,  too  many  relatively  small 
workshops  manufacturing  motors,  judging  by  the  success  of  the  few — 
yet  large — foreign  firms. 

Mr.  wyid.  Mr.  W.  Wyld,  as  one  in  charge  of  a  three-phase  plant,  desired  to  say 

a  few  words.  One  speaker  had  told  a  terrible  tale  of  how  he  saw  the 
voltage  vary  on  a  polyphase  plant  on  the  Continent  from  150  to  70 
volts,  but  he  had  experienced  nothing  of  that  sort  on  his  plant.  He  had 
some  500  H.P.  of  motors  and  about  400  incandescent  lamps  and  60  arc 
lamps,  and  by  having  this  lighting  pretty  well  balanced  he  did  not 
experience  any  great  variation  in  the  voltage.  His  recording  voltmeter 
sheets  would,  he  thought,  compare  very  favourably  with  those  of  any 
public  supply  central  station.  He  ran  his  three-phase  generators  in 
parallel,  and  had  not  experienced  the  slightest  trouble  in  this  respect : 
they  ran  perfectly  in  parallel.  It  was  comforting  to  hear  Mr.  Lindley 
speak  of  the  polyphase  motor  as  being  mechanically  ideal.  One  speaker 
had  mentioned  the  small  air  space  in  the  polyphase  motor  as  liable  to 
get  filled  with  dust,  etc.  He  had  had  no  trouble  from  this,  and  there  was 
not  much  chance  of  dust  lodging  in  the  space,  as  the  draught  caused 
by  the  rotor  will  not  allow  it  to  lodge  there.  With  regard  to  the 
variation  of  speed,  there  were  several  cranes  of  from  five  to  twenty 
tons  worked  by  three-phase  motors,  and  he  had  no  trouble  with  the 
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speed  regulation.  This  regulation  was  only  used  for  short  periods,  so  Mr.  Wyid. 
that  the  inefficiency  of  which  so  much  has  been  said  was  not  nearly  so 
serious  as  was  supposed.  With  regard  to  the  paragraph  in  which  Mr. 
Earle  said  that  most  of  the  Continental  manufacturing  firms  are  now 
engaged  more  on  continuous  than  polyphase  plant,  he  thought  there 
was  a  general  consensus  of  opinion  among  the  members  of  the  Institu- 
tion who  visited  Switzerland  last  year  that  the  Continental  firms  were 
more  engaged  upon  polyphase  plant,  and  in  Mr.  Fedden's  Sheffield 
report,  which  had  already  been  mentioned,  it  was  stated  that  the 
German  firms  were  more  engaged  on  polyphase,  particularly  two-phase, 
than  on  continuous-current  plant.  In  conclusion,  he  wished  to  express 
his  certainty  that  had  they  adopted  continuous  instead  of  three-phase 
current  the  plant  could  not  have  given  better  results,  even  if  it  had 
given  as  good  as  had  been  obtained. 

Mr.  H.  Earle,  in  reply,  regretted  that  those  interested  in  three-  Mr.  Earic. 
phase  systems  had  not  been  more  strongly  represented  in  the  discussion. 
He  was  much  gratified  that  Mr.  Miller,  who,  he  knew,  had  carefully 
compared  the  two  systems,  agreed  with  him  in  the  general  conclusions 
he  had  drawn.  Mr.  Sayers'  remarks  as  to  the  value  of  shunt  regulation 
were  very  important,  and  he  had  himself  adopted  this  economical 
method  to  increase  the  speed  as  much  as  25  per  cent,  without  unduly 
increasing  the  cost  of  the  motor,  and  it  admitted  of  very  fine  regulation 
without  large  resistance. 

With  regard  to  Mr.  Wood's  remarks  respecting  the  small  clearance 
in  pol3rphase  motors,  this  varied  considerably,  and  it  appeared  to  him 
that  the  difference  allowed  in  the  air-space  by  manufacturers  was  largely 
the  cause  of  the  varying  power -factors  met  with. 

He  could  not  agreed  with  Mr.  Lindley  that  continuous-current 
motors  gave  trouble,  for  if  they  were  of  good  design  and  received  proper 
attention  they  were  to  be  entirely  relied  upon. 

Mr.  Whalley's  contention  that  all  unnecessary  complication  should 
be  avoided  was  a  right  one  ;  first  costs  had,  however,  to  be  considered, 
and  where  high-tension  transmission  and  low-tension  supply  were 
adopted  three-phase  and  direct  current  would  have  to  be  combined, 
till  three-phase  motors  of  a  high  power-factor  were  produced  and  they 
were  so  improved  that  they  could  compete  on  an  equal  footing  with 
direct  current. 

Firms  in  this  country  had  naturally  turned  their  attention  to  that  for 
which  there  was  the  best  market,  the  necessary  technical  experience 
was  available  to  take  up  any  system  which  might  prove  to  be  the  best, 
but  up  to  the  present  time  direct-current  distribution  had  held  its  own 
against  its  rival. 

He  could  not  agree  with  Mr.  Whalley  respecting  the  unreliability 
of  tests  and  figures  of  efficiency  ;  these  matters  were  most  carefully 
attended  to  by  all  good  firms,  and  it  was  only  by  attention  to  such 
matters  that  improvements  in  design  could  be  effected,  and  makers  were 
willing  and  able  to  supply  motors  to  the  strictest  specificatiohs. 

Mr.  Wyld's  remarks  were  interesting,  and  he  quite  agreed  that 
three-phase  installations  gave  every  success,  though  his  examination  of 
the  subject  had  convinced  hin&  that  when  all  points  were  considered 
direct-current  offered  many  advantages. 
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THE    REGULATION    OF    THE     POTENTIALS    TO 
EARTH   OF   DIRECT-CURRENT  MAINS. 

By  Alexander  Russell,  M.A.,  Member, 

Introduction. — The  regulation  of  the  potentials  to  earth 
of  the  mains  of  a  three-wire  system  of  supply  has  becx)me 
a  subject  of  pressing  importance,  owing  to  the  general 
adoption  of  higher  pressures  of  supply.  So  long  as  the 
pressure  between  the  outers  of  a  three-wnre  system  of  supply 
was  not  greater  than  250  volts,  it  was  of  no  great  import- 
ance what  the  pressure  to  earth  of  any  of  the  mains  was, 
as  it  was  necessarily  less  than  the  Board  of  Trade  limit  of 
250  volts.  In  this  case  it  is  inadvisable  from  the  station 
engineer's  point  of  view  to  alter  the  potentials  of  the  mains 
to  earth  as,  owing  to  electrical  laws,  they  always  assume  the 
potentials  that  make  the  energy  wasted  in  leakage  currents 
a  minimum.  When,  however,  the  difference  of  pressure 
between  the  outers  is  greater  than  250,  it  is  necessary  to 
take  reasonable  precautions  so  that  the  potential  from  earth 
of  any  main  may  never  rise  for  any  lengthened  period  above 
250  volts. 

Mr.  Wordingham  has  recently  discussed  the  regulation 
of  the  potentials  of  the  mains  in  his  paper,  "  On  the  Main- 
tenance of  Certain  Portions  of  Distributing  Systems  at 
Earth  Potential,"  read  at  the  Cardiff  Convention  of  the 
Municipal  Electrical  Association,  in  the  Summer  of  1900. 
He  there  gives  a  clear  description  of  certain  causes  which 
tend  to  lower  the  insulation  resistance  of  the  negative  outer 
of  a  three-wire  system. 

For  this  reason  the  potential  of  the  positive  outer  from 
earth  is  generally  much  higher  than  the  difference  of 
pressure  between  adjacent  mains.  In  a  large  three-wire 
system,  for  example,  the  potentials  of  the  mains  are  190,  85, 
and  —20  volts  from  earth  respectively.  If  the  pressure  of 
supply  were  doubled,  it  is  obvious  that  some  method  of 
lowering  the  potential  of  the  positive  outer  would  have  to 
be  adopted. 

It  will  b^  instructive,  there^  -nsider  how  these 
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potentials  depend  on  the  fault  resistances  of  the  mains,  and 
what  methods  should  be  adopted  for  regulating  them.  It 
is  a  prevalent  opinion  that  the  measurement  of  the  insu- 
lation resistance  of  a  distributing  network  is  a  difficult 
process.  It  is  in  reality  a  very  simple  process,  and  many 
easy  methods  of  doing  it  will  be  found  described  in  Mr. 
Raphael's  book  on  "  The  Localisation  of  Faults  in  Electric 
Light  Mains."  Another  erroneous  idea  is  that  a  knowledge 
of  the  insxilation  resistance  of  a  network  is  of  little  import- 
ance. This  is  not  the  case,  as  it  gives  us  definite  informa- 
tion. It  tells  us,  for  example,  that  the  power  being  wasted 
in  leakage  currents  is  less  than  a  certain  amount,  and  it  also 
places  a  superior  limit  to  the  values  of  the  leakage  currents. 
As  the  Board  of  Trade  rightly  insists  that  the  leakage  current 
must  not  exceed  a  certain  maximum  value,  any  short  way 
of  finding  a  maximum  possible  value  to  the  actual  leakage 
currents  is  of  importance,  for  if  this  maximum  possible  be 
less  than  the  Board  of  Trade  limit,  the  network  obviously 
satisfies  the  regulations. 

Fault  Resistance. — By  the  fault  resistance  of  a  main  we 
mean  the  resistance  of  all  those  stray  paths  from  it  to  earth 
which  do  not  pass  through  the  other  mains.  Suppose  the 
shunt  coil  of  a  badly  insulated  meter  to  be  connected 
between  the  positive  and  the  middle  main,  and  suppose 
the  potential  of  the  latter  to  be  positive,  then  the  resistance 
of  the  leakage  paths  from  this  shunt  coil  to  earth  will  all  be 
credited  to  the  fault  resistance  of  the  positive  outer.  If, 
however,  it  were  connected  between  the  negative  outer  and 
the  middle,  then  some  of  the  leakage  paths  of  the  shunt 
coil  would  be  credited  to  one  main,  and  the  remainder  to 
the  other.  We  shall  see  later  that  an  alteration  in  the  fault 
resistance  of  the  positive  main  will  alter  the  potentials  of 
them  all,  and  theoretically  will  alter  the  fault  resistances  of 
the  other  two,  owing  to  the  point  of  zero  potential  on  the 
wires  connecting  the  middle  and  negative  mains  shifting. 
Again,  theoretically  speaking,  every  time  a  switch  is  turned 
on  or  off  the  fault  resistances  will  be  altered.  When  we 
say,  then,  that  the  fault  resistances  of  the  three  mains  are 
ft,  /a,  and  /3  respectively,  it  must  be  borne  in  mind  that 
they  may  vary  at  different  times  of  the  day. 

Insulation  Resistance. — If  /i,   /a,    and  f^  be   the  '" 
resistances  of  the  three  mains,  and   F  be  the  insr 
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resistance  of  the  network,  then  F  is  defined  by  the 
equation — 

We  should  expect  F  to  remain  approximately  con* 
stant  in  practice,  for  when  a  switch  is  turned  on 
between  the  positive  and  the  middle,  some  of  the  leaicage 
paths  are  taken  from   one   main  and   given   to  the  other. 

/,    may    be    diminished     and    /a    increased,     but    7  -I-  7 

would  remain  approximately  constant.      Where,  however. 


M 


N 


£ 
Fig.  I. 


a  double-pole  switch  is  used  for  a  leaky  circuit,  then,  of 
course,  F  is  diminished  when  the  switch  is  turned  on. 

The  Potentials  of  the  Mains. — Let  /i,  /a,  and  f^  be  the 
fault  resistances  of  the  three  mains  P,  M,  and  N  (Fig.  i). 
Let  also  Vi,  V2,  and  V3  be  their  potentials. 

Then,  by  Kirchhoflf's  law — 


Yl  +  Y?  =  Ya 

/i  /a         /a 


(I) 


If  V  be  the  P.D.  between  P  and  M  and  also  between  M 
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and   N,  then,   since   the   dynamos   maintain  these   P.D.'s 
constant — 

V3  =  V  -  Va  )  ^  ^ 

Substituting  for  Vi  and  V3  from  (2)  in  (i),  we  easily  find 
Va  in  terms  of  V,  /i,  /a,  and  f^  and  hence  from  (2)  we 
also  find  Vi  and  V3. 

Graphical  Construction  for  the  Potentials  of  the  Mains. — 
Draw  a   line   P  N    (Fig.    2)   and    make   P  M  =  M  N  =  V. 

P  M  G  N 


M. 


Kio.  2. 


7 


Place  particles  of    mass  j,   x,  and    -    at   P,   M,  and   N 

respectively.      Find    their   centre   of   gravity  G.      Taking 
moments  about  G,  we  see  that — 

PG      MGNG 

7i     "^     /a      ""     A* 

Also     PG  =  MG  +  V 
And     NG  =  V  -  MG 

Comparing   these  equations  with  (i)   and    (2)  above,  we 
see  that  PG  =  V,,  M  G  =  V,,  and  N  G  =  V3. 

In  general,  if  we  have  n  mains  whose  fault  resist- 
ances are  /i,  /a^/s,  .  .  .  and  whose  P.D.'s  are  maintained 
at  V,  V,  V",  .  .  .  respectively,  then  the  potentials  of  the 
mains  are  given  by  the  following  construction.  Draw  a 
straight  line  and  mark  off  along  it  points  P„  Pa,  P3,  .  .  . 
whose  distances  apart  are  V,  V,  V",  .  .  .    Place  particles 

of  mass   X  ,  y- ,   ^  ,  .  .  .   at   Pj,   Pa,  P3,  .  .  .   respectively, 
/i    /a    /a 

and  let  G  be  their  centre  of  gravity,  then — 

Vx  =  P,G,  Va=PaG,  .  .  . 

Measurement  of  Insulation  Resistance. — Read  the  voltage 
to  earth  of  the  middle  main  by  means  of  an  electrostatic 
voltmeter.     Connect  the  middle    main    to    earth    by  - 
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ammeler  in  series  with  a  re^tance.  Let  V3  be  the 
initial  reading  of  the  voltmeter  and  V  a  the  reading  when 
the  middle  wire  is  earthed*  Let  also  C  be  the  reading 
on  the  ammeter,  then — 

C 

Example, — Initially  V^  was  ii2*  When  the  middle  was 
earthed,  C  was  equal  to  3*5  amperes  and  V'a  was  8  volts, 
hence — 

IT       112 -8 
3-5 
=K  297  ohms. 

Proof  of  Formula.— Let  P  G,  M  G,  and  N  G  (Fig.  3) 
represent  the   initial   potentials  of  the  mains.      We  have 

P  M         a'  6  Jif 

• ; 5 • 


Fig.  3. 

seen  that  G  is  the  centre  of  gravity  of  masses  ^,  j,  and  j 

placed    at    P,   M,  and   N    respectively.     We   can  replace 

these  masses   by  a  mass  -=,  placed  at   G,      Suppose   now 

that    a    resistance  .v   is   connected    between    the    middle 
and   earth,  then   to   tind   the    new  potentials  we   have  to 

find   the  centre  of  gravity  G'   of   masses  -    at  M   and   = 

at  G. 

Taking  moments  about  G' — 

M  G'      G  G' . 

•   •     X  ~        F 

V' 
But   —  is  the  current  through  the  ammeter  (C),  hence— 
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Atioiher  Method. — When  Va  is  small,  it  is  often  more 
convenient  to  earth  the  positive  outer  through  a  resistance 
X.  Let  C  be  the  current  in  this  resistance,  then  we  can 
prove  in  exactly  the  same  way  as  we  did  the  preceding 
formula  that — 


F  = 


V,  -  V, 
C 


Keeping  Domn  the  Potential  of  the  Positive  Outer  by 
Earthing  it  or  the  Middle  Main  through  a  Resistance. — 
Suppose  that  we  connect  the  positive  outer  to  earth 
through  a  resistance  x.     To  find  the  new   potentials,  we 


have   to  find   the   centre  of  gravity  of  masses  -   and 
placed  at  P  and  G  respectively  (Fig.  4). 


F 


Similarly  we  can  show  that   if  we  earth   the  middle 
VOL.  XXX.  aa 
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wire   through  a  resistance  x^  and   if  the   current  flowing 
through  it  be  C,  then— 


p.          V2  —    V   a 

^-         F 

v. 

X 

~  F  +  x' 

Hence,  as  before — 

V,  -  V,  =  F  .  C. 

To  lower  the  pressure,  therefore,  by  v  volts,  the 
resistance    of   the   earth    connection    of   the   middle    wire 

must  be     ^  ""     F  ohms.    The  current  that  will  flow  in  it 

7f 
If 

will    be  :r;  amperes.      If  there  is  a   dead  short  on  either 

of    the    outers,    the    greatest    current    through    the  earth 

V 

connection  will  be  ~   amperes. 

Example, — Suppose  that  initially  V,  =  300,  V2  =  100, 
and  V3  =  —100  volts,  and  suppose  also  that  F  =5  10  ohms. 
It  is  required  to  calculate  the  resistance  x  of  the  earth 
connection  to  be  put  (i)  between  the  positive  outer  and 
earth,  and  (2)  between  the  middle  main  and  earth,  in 
order  to  reduce  the  pressure  of  the  positive  outer  to  250 
volts. 

(i)  By  the  above  formulae — 

100  -f  200  —  £;o 
.V  =  ^-   .  10 

50 
=  50  ohms. 

In   this  case,  if  the  negative  outer  were  dead-earthed,  the 
greatest  current  through  x  would  be  8  amperes. 

(2)  When  X  is  put  between  the  middle  and  earth,  then 
to  lower  the  potential  50  volts  we  must  have —  • 

100  —  <o 
X  =  ^    .  10 

=  10  ohms. 
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If  either  of  the  outers  be  short-circuited,  the  maximum 
possible  current  through  x  is  20  amperes. 

The  expenditure  of  power  in  the  first  case  would  be 
greater  than  in  the  second  by  VC  watts,  i.e.,  by  a 
kilowatt.     This,  however,  might  be  utilised  at  the  station. 

The  Energy  Expended  in  Earth  Currents  in  the  Mains 
of  Distributing  Systems. — The  algebraical  expression  for 
this  energy  is — 

■f  -7-   +  -?*-  • 


/x  /»       "     / 


3 

If  we  use  the  graphical  construction  shown  in  Fig.  2, 
it  is — 

PG"       MG°       NO' 

Now  if  we  regard  the  position  of  G  as  variable,  then  by 
a  well-known  statical  theorem  this  expression  is  a  minimum 

when  G  is  the  centre  of  gravity  of   masses  j,   ^,  and  j 

placed  at  P,  M,  and  N  respectively.  But  we  know  that 
this  is  how  the  potentials  adjust  themselves  in  practice, 
and  hence  they  adjust  themselves  so  that  the  energy 
expended  is  a  minimum.  This  theorem  is  true  for 
ij-wire  systems.  Let  x  be  the  potential  of  the  positive 
outer,  then   the  energy  expended   in  leakage  currents  is — 

.ra        (a:- V)a        (;>:  -  V  -  V^)2 
I  /a  /a 

Now  by  Kirchhoff's  law — 

X      x^V       ;t:-V-V' 

7  +  — 7 —  +  7 +   .  .  .  =  o. 

/i  /a  /3 

But  by  the  Differential  Calculus,  this  is  the  condition 
that— 

^    .    (at  -  V)^    .    (at  -  V  -  V^)a 
I  /a  J3 

should  be  a  minimum,  hence  the  theorem  follows. 
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A^aui — 


-''  i 


^   3" 


W  —V  ^ 


.\'m'v  J    vr  .^unntn*:    *he  middle    vire    iirecdy  to  earth, 

V-       V- 
\])('  po\v*T  (*xpended  :n  'rrardi-teakai^e  currents  is    —  ^  — - 

Tlu*  Iriss    or    power  :n    earth  currents  lias    therefore    been 

incn-asrd  by     .ir  .     In  the  exampie  ^iven  abovev  V,  is  rao 

.tnd  F  is  lo,  hence  the  extra  power  lost  by  eardiing  the 
inKtdle  -.vire  w  a  kilowatt.  In  some  of  the  older  loo-volt 
thn*/vrvire  ^vstems,  F  is  oniv  two  or  diree  ohms*  and 
there  bave  been  casen  where  it  has  even  been  less»  Ln 
thfv^.  cAstri  the  loss  of  power  entailed  by  earthing  the 
middle  wire  would  be  appreciable. 

If  we  earth  the  middle  wire  through  a  reas^ance  x^ 
\h('U  the  new  values  of  Vj  and  F  are  given  by  the 
f'^jiutions-- 


V'^  =  \\_ 


X 


F  -h  r 


Hrtd- 


r   _  I        r 
F'  ~F  "^x 


Therefore  the  increased  loss  of  energy  in  this  case  is — 


VV 


:  -VV 


Jl 


+  - )  = 


h/fuf  of  harthing  the  Middle  Main  through  a  Battery.— 
Huppf><^  that  the  middle  main  is  at  positive  potential. 
Cofinret  the  negative  pole  of  a  battery  to  it  (Fig.  5)  and 
the  positive  pole  through  a  resbtance  to  earth.  Let  E  be 
tfir  K.M.F  of  the  battery,  and  let  jr  be  the  resistance  from 
tfir  Huddle  main  to  earth  through  the  battery.  Then  by 
K»f(hh()ff 


V^a  -h  E  ^  V '3 
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Exactly  as   before  we  can   show  that  if  we  draw  a  line 
P  M  N    and    make    P  M  =  M  N  =  V    (Fig.    6),    and    also 

M  X  =  E,   then,  if  we  place  masses 


P,    X,    M,   and    N    respectively,   and   if   we  find  G'  the 
centre  of  gravity  of  these  masses,  then — 

V,  =  PG';     Va  =  MG';     and  V3  =  NG'. 


we  may  suppose  p  placed  at  G,  then — 

PG  =  V. ;     MG  =  V,;     and  \G  = 
Taking  moments  about  G' — 
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Hence — 


V, 

E 

F 

.r 

I 
F 

+ 

I 

X 

V,  =  -^ f (a) 


Also  the  current  C  through  the  battery  is  given  by — 

„       V, +  E       V,  -  V,       Vj  +  E  ,., 

C  =  -^^  =  — p -p-p^     .     .      (b) 

We  have  supposed  that  E  is  acting  in  the  same  direction 
as  Va.  If  we  connect  the  battery  so  that  E  opposes  Va, 
then  we  shall  have  to  alter  the  sign  of  E  in  formulae 
(a)  and  (b). 

Formula  {a)  shows  us  that  by  means  of  a  battery  we 
can  lower  the  potential  of  the  mains  more  rapidly  than 
we  could  by  means  of  the  resistance  .r  alone.  If  we 
choose  E  so  that  it  is  equal  to  tVa,  and  x  so  that  it 
equals  k  F,  where  k  is  any  number,  then  V'a  will  be  zero. 
For  example,  if  Va  equals  50  and  F  equals  100,  then  making 
E  equal  to  25  and  x  equal  to  50,  we  could  reduce  the 
middle  wire  to  zero  potential.  In  this  case  the  current 
through  the  battery  would  be  half  an  ampere,  and  the 
power  it  would  be  giving  out  would  be  12*5  watts.  In 
general,  when   the   middle  wire   is  at  zero  potential,  the 

current  through  the  earth  connection  will  be  -^  amperes, 

and  if  there  is  a  battery  in  this  circuit,  the  power  it  will  be 

expending  will  equal  E-^f  • 

In  several  cases  in  practice  it  appears  to  be  desirable 
to  keep  the  middle  main  negative  to  earth.  This  can  be 
done  by  a  battery  as  above,  or  by  connecting  the  positive 
outer  to  earth  through  a  resistance.  The  expenditure 
of  power  in  the  earth  connection  in  the  latter  case  is 
to  its  expenditure  in  the  former  case  as  V  —  «r  is  to 
E  —  ^,  where  —  ^  is  the  potential  of  the  middle  main. 
Another  way  of  keeping  the  potential  of  the  middle  wire 
negative  would  be  to  use  a  motor-dynamo,  the  motor 
terminals  being  connected  across  the  two  outers  and  the 
dynamo  terminals  '  ries  with  the  earth  connec- 

tion of  the  midd) 


I 
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Partial  Earthing  of  the  Outers. — One  of  the  most 
effectual  methods  of  regulating  the  potentials  of  the  mains 
would  be  to  connect  tlie  middle  to  earth  through  a  very 
small  resistance,  and  to  have  two  variable  resistances 
connected  between  the  outers  and  earth.  In  the  event  of 
an  earth  occurring  in  either  outer,  then  by  cutting  down 
the  resistance  between  the  other  outer  and  earth  we  could 
regulate  the  potentials.  In  the  case  of  a  bad  earth,  con- 
siderable power  would  have  to  be  expended  in  earth 
currents,  and  as  these  currents  might  cause  serious  damage, 
either  by  starting  a  fire  or  electrolytically,  we  shall  consider 
the  values  of  the  leakage  currents  that  are  at  present  con- 
sidered allowable. 

Leakage  Currents. — It  is  important  to  notice  that  all  the 
methods  described  of  preventing  the  potentials  of  the  mains 
from  rising  above  250  volts  increase  the  leakage  currents  to 
earth.  As  these  currents  are  always  flowing,  it  is  desirable 
to  keep  them  as  small  as  possible  owing  to  the  electrolytic 
damage  they  may  do.  In  the  Board  of  Trade  conditions 
for  the  approval  of  earthing  it  is  provided  that  a  record  of 
the  current  to  earth  through  the  earth  connection  shall  be 
kept,  and  that  if  at  any  time  it  exceeds  the  one-thousandth 
part  of  the  maximum  current  of  supply,  immediate  steps 
shall  be  taken  to  improve  the  insulation  of  the  system. 
Now  the  current  that  is  measured  in  this  case  is  the 
difference  between  the  leakage  currents  from  the  positive 
and  negative  mains.  If  the  fault  resistances  of  the  whole 
three  mains  be  very  bad,  as  has  sometimes  happened  owing 
to  the  insulating  rubber  having  become  rotten,  yet  if  the 
fault  resistances  of  the  two  outers  be  nearly  equal,  then  the 
current. in  the  earth  connection  may  be  very  small,  or  it 
may  even  be  zero.  A  better  rule  would  be  to  insist  that 
the  insulation  resistance  "F"  of  the  network,  when  the 
earth  connection  is  removed,  must  always  be  above  a 
certain  amount.  In  order  to  get  an  idea  of  what  this  value 
of"F"  should  be,  we  will 'discuss  the  eighth  of  the  Board 
of  Trade  Regulations  (A).  This  regulation  is  as  follows  : — 
**  8.  Maintenance  of  Insulation. — The  insulation  of 
every  complete  circuit  used  for  the  supply  of  energy, 
including  all  machinery,  apparatus  and  devices  forming 
part  of,  or  in  connection  with,  such  circuit,  shall  be  so 
maintained  that  the  leakage  current  shall  not  under  any 
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conditions  exceed  one-thousandth  part  of  the  maximum 
supply  current ;  and  suitable  means  shall  be  provided 
for  the  immediate  indication  and  localisation  of  leak- 
age.    Every  leakage  shall  be  remedied  without  delay. 

"  Every  such  circuit  shall  be  tested  for  insulation  at 
least  once  in  every  week,  and  the  undertakers  shall 
duly  record  the  results  of  the  testings. 

"  Provided  that  where  the  Board  of  Trade   have 
approved   of  any  part  of  any  electric   circuit   being 
connected  with  earth,  the  provisions  of  this  regulation 
shall  not  apply  to  that  circuit  so  long  as  the  connection 
with  earth  exists." 
Now  for  a  two-wire  system  this  rule  is  clear.     It  pro- 
ceeds on  the  assumption  that  the  permissible  leakage  power 
must  always  be  the  same  fraction  of  the  total  output.     In 
other  words,  if  we  double  the  pressure  of  supply  (the  output 
remaining  the  same)  'the  lowest  permissible  value  of  the 
insulation    resistance    is    increased    four    times.       Hence 
systems  of   supply  are  treated  equitably  from  the  fire-risk 
point    of    view.     The    systems,   however,  that   use   lower 
pressures  arc  allowed  to  have  larger  leakage  currents,  and 
in  the  course  of  time  the  electrolytic  damage  done  by  them 
may  be  appreciable.     It  is  desirable  also  that  even  when 
systems  are  dead-earthed  through   a  connection,  that  this 
connection   should   be  removable,   so   that  the  insulation 
could  be  tested  once  a  week. 

When  we  come  to  apply  the  above  rule  to  three-wire 
networks  we  are  met  with  the  difficulty  that  the  determina- 
tion of /x,  /a  and/3  '^  "^^  easy,  and  hence  there  is  no  simple 
rule  to  give  us  the  earth-leakage  currents  from  the  three 
mains.  There  is  also  no  practical  method  of  determining 
the  leakage  currents  that  do  not  pass  through  earth.  What 
we  can  determine  easily  is  F  the  insulation  resistance  to 
earth  of  the  network,  and  the  potentials  Vx,  Vg  and  V3  of  the 
three  mains.  The  question  then  arises,  having  given  the 
potentials  of  the  mains  and  the  insulation  resistance  of  the 
network,  can  we  determine  the  maximum  possible  value  of 
any  one  of  the  earth-leakage  currents,  and  the  maximum 
possible  value  of  the  leakage  watts  expended  in  producing 
them  ?  If  we  know  these  maximum  values,  then  we  can  tix 
on  a  minimum  permissible  value  to  *'  F  "  in  any  given  case. 
Of  course  it  would  be  more  satisfactory  actually  to  deter- 
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mine  the  values  of  /x,  /a  and  f^^  but  the^  ordinary  methods 
are  tedious  and  not  very  accurate  in  practice. 

Let  V  be  the  P.D.  between  adjacent  mains,  Va  the 
potential  of  the  middle  main,  and  "  F "  the  insulation 
resistance  of  the  network.  We  have  to  find  out  what  the 
maximum  possible  earth  current  is  in  this  case.  It  is 
easiest  to  do  this  graphically.     Looking  at  Fig.  2  we  see 

that  G  is  fixed,  and  so  also  is  the  sum  (  p  J  of  the  three 

V 
masses.    We  want  to  find  when  -^  is  a  maximum.     Now 

h 

this  is  the  moment  about  G  of  the  mass  at  N,  and  we  have 

therefore  to  find  the  maximum  value  of  this  moment.     It 

obviously  has  its  maximum  value  when  the  mass  at  M  is 

zero.     In  this  case — 

I        I       I      ^  V,      V3 

7+7  =-pr ;  C  max.  =  -r-  =  y 


And  therefore — 


V  -  Va     V  -h  Va 


C  max.  =  — ^ Y\~ ^^^ 

Similarly,  if  C  min.  be  the  smallest  value  that  the 
greatest  of  the  earth  currents  can  have  in  any  given  case, 
then — 

C  mm.  =  — p —  .  -y (2) 

Again,  since  P  the  leakage  watts  expended  in  earth 
currents  is  given  by  the  equation — 

V^j-Va^_V^ 
F  /a 

V^— Va^  /    X 

P  max.  =  — s?-^  =  2  V  C  max (3) 


And- 


P  mm.  =  — ^— p '  =  V  C  mm.     ...  (4) 


Suppose  now  that  we  earth  the  middle  wire  of  this 
system  through  a  resistance  of  x  ohms.  The  new  potential 
V'a  of  the  middle  wire  will  be  given  by — 
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V'a  =  Vap-^ <5) 


And  it  is  easy  to  show  that, 
max. 


=    V- 


V    "■  fTT^V  Tvf      •    •    •    •  w 

Cmin.  =  (v--p^V,)^ (7) 

Pm,n.=  -p^-p-^     F- (9) 


In  the  particular  case  when  the  middle  wire  is  dead- 
earthed,  then — 

C  max.  = f; — (lo) 

2F  ^     ' 

V 
C  min.  = -p (ii) 

P  max.  =  -V, (12) 

\W 
Pmin.  =--p" (13) 

The  above  formulae   show  that  whether  we  earth  the 

V  +  Vo  V 

middle  wire  or  not,  ^ —  and  a  fortiori  p  is  a  superior 

limit  to  an  earth  current,  and  that  -p  is  a  superior  limit  to 

the  power  expended  in  earth-leakage  currents.  This  latter 
result  is  known  and  is  proved  in  another  manner  in  a  paper 
by  the  author  on  "  Insulation  Resistance  and  Leakage 
Currents,"  which  appeared  in  the  Electrician^  vol.  41,  p. 
206. 

The  following  numerical  examples  show  how  these 
results  can  be  applied  in  practice  : — 

(i)  The  maximum  output  of  a  three-wire  direct-current 
station  with  200  volts  between  the  outers  is  3,000  kws. 
What  is  the  lowest  insulation  resistance  which  would  ensure 
that  no  earth -leak'  is  greater  than  the  thousandth 
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part  of  the  maximum  supply  current,  the  potential  of  the 
middle  main  being  20  volts  ? 

In  this  case  V  =  100,  Va  =  20,  the  maximum  current  of 
supply  is  15,000  amperes,  and  therefore — 

C  max.  =  15. 

Substituting  these  values  in  formula  (i) — 

80      120  . 
-^      F      200 
.'.  F  =  3*2  ohms. 

And  from  (3) — 

P  max.  =  3  kws. 

Suppose  now  that  the  middle  wire  was  dead-earthed, 
then  from  (10) — 

100  -f  20. 
^  2  F 

.*.  F  =  4  ohms. 

And  from  (12) — 

P  max.  =  2*5  kws. 

(2)  Suppose  now  that  the  pressure  was  increased  so  thai 
the  P.D.  bHBtween  the  outers  was  500  volts,  what  must  the 
insulation  resistance  be  in  this  case  ? 

Supposing  that  the  output  is  the  same  as  in  the  last 
case,  then  since  the  voltage  has  been  increased  2J  times  the 
maximum  earth  current  must  not  be  greater  than  6  amperes, 
and  F  must  be  {2'^)^  times  as  great  as  in  the  last  example, 
i.e.,  20  ohms.  When  the  middle  wire  is  dead-earthed,  then 
F  must  be  greater  than  25  ohms. 

In  practice,  however,  the  maximum  output  would  be 
increased  6*25  times,  and  the  maximum  permissible  earth 
current  would  therefore  be  37*5  amperes.  Hence  the 
insulation  resistance  of  the  network  need  only  be  the  same 
as  when  there  was  200  volts  between  the  outers.  The 
lowest  permissible  value  of  "F"  would  therefore  be  3*2 
ohms,  and  when  the  middle  was  earthed  4  ohms.  Most 
electricians  would  regard  these  values  as  too  low. 

(3)  The  potentials  of  the  mains  of  a  three-wire  direct- 
current  system  are  300,  100,  and   —100  volts  respectively, 
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Also,     P  max.  =  1-52  kws.  and  P  min,  =  o-68  kws. 

If  we  were  to  earth  the  middle  main,  then  the  current 
to  the  negative  main  would  lie  between  38  and  34 
amperes,  and  the  power  expended  in  leakage  earth 
currents  would  lie  between  4-41  and  3*57  kws.  The 
current  in  the  earth  connection  also  would  be  34  amperes. 
In  this  case  there  would  be  obviously  nothing  to  gain  by 
earthing  the  middle  wire.  On  the  contrary,  the  current 
to  the  negative  would  now  be  doing  five  times  the 
amount  of  electrolytic  damage,  and  we  should  be  wasting 
about  three  kilowatts  all  the  year  round. 

The  Board  of  Trade  Regulation  (A.  8)  was  framed  to 
meet  the  danger  of  fire-risk,  and  is  a  scientific  rule 
founded  on  certain  assumptions  as  to  the  laws  that 
govern  the  progress  of  electric  lighting.  When  we  are 
considering  three-wire  or  five-wire  systems,  however,  it 
is  difficult  to  apply  it,  and  the  raising  of  the  pressure 
of  the  supply  and  the  enormous  growth  of  supply  net- 
works have  brought  other  considerations  to  the  front. 
The  danger  to  the  public  now  lies  rather  from  possible 
shocks  or  from  the  corrosion  of  pipes  by  leakage  currents. 
The  rule  for  the  insulation  resistance  of  the  various 
private  installations  looks  after  the  fire-risk. 

It  might  be  advisable  in  the  best  interests  of  the 
electric  lighting  industry  to  have  a  return  taken  of  the 
insulation  resistance  of  all  the  three-wire  networks  in  this 
country.  By  what  has  been  shown  above,  the  mere 
measurement  of  Va  and  F  need  only  take  a  few  minutes, 
and  can  be  done  from  any  point  on  the  network  when  the 
earth  connection  from  the  middle  main  is  removed.  With 
the  help  of  the  formulae  given  above,  a  simple  rule  might 
then  be  devised  which  would  safeguard  the  interests  of 
the  public  and  be  acceptable  to  station  engineers. 

Summary. — The  following  are  the  most  important 
points  in  this  paper  : — 

(i)  A  graphical  method  of  finding  the  potentials  of  the 
mains  from  their  fault  resistances.  This  construction 
simplifies  the  proof  of  many  important  theorems. 

(2)  A  simple  method  of  measuring  insulation  resistance. 

(3)  A  discussion  of  various  ways  of  keeping  down  the 
potential  of  the  positive  outer.  All  of  these  methods, 
however,  effect  this  by  increasing  the  leakage  currents. 


344  RUSSELL  :  DIRECT-CURRENT  Ibf  AINS. 

(4)  When  the  middle  main  is  earthed  through  a 
connection,  it  ought  always  to  be  removable,  so  that  the 
insulation  resistance  could  be  accurately  found. 

(5)  A  discussion  of  the  allowable  leakage  currents. 
Kno\ying  V,  V2,  and  F,  it  is  shown  that  the  maximum 
earth  current  must  lie  between  certain  limits.  These 
limits  and  the  limits  for  the  leakage  watts  expended  in 
earth  currents  are  given  when  the  middle  wire  is  earthed 
through  a  resistance  of  x  ohms. 

(6)  When  the  potential  of  the  positive  outer  is  above 
250  volts,  then  the  higher  the  insulation  resistance  of  the 
system  the  easier  it  is  to  keep  it  down  to  250  volts.  If  it 
be  required  to  reduce  the  potential  of  the  outer  by  v  volts, 
then  if  we  connect  the  middle  to  earth  through  a  resistance 

of  -^  "-    F  ohms,  this  will  be  done,  and  the  current  in  this 

V 

earth  connection  will  be  ^  amperes. 
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The  Three  Hundred  and  Fifty-sixth  Ordinary  General 
Meeting  of  the  Institution  was  held  at  the  Institution 
of  Civil  Engineers,  Great  George  Street,  Westminster, 
on  Thursday  evening,  January  loth,  190 1 — Professor 
John  Perry,  F.R.S.,  President,  in  the  Chair. 

The  minutes  of  the  Ordinary  General  Meeting  held  on 
December  20th,  1900,  were  read  and  confirmed. 

The  Secretary  read  the  following  letter   from   Colonel 
Crompton  : — 

"Thriplands, 

"  Kensingtox  Court, 

"W. 
"  December  2Sth,  1900. 
"  The  Secretary, 

•'  Institution  of  Electrical  Engineers, 
"  28,  Victoria  Street, 
"  Westminster. 
«  Sir, 

"  I  have  the  honour  to  acknowledge  the  receipt  of  your  letter  of 
December  20th,  in  which  you  inform  me  of  the  Resolution  proposed 
by  Mr.  Alex.  Siemens,  and  carried  by  the  Institution,  congratulating 
the  Corps  of  Electrical  Engineers  on  their  South  African  services.  I 
will  take  steps  to  ensure  that  every  member  of  the  corps  is  acquainted 
with  the  kind  action  of  the  Institution  in  this  matter. 

*'  In  return,  on  behalf  of  the  Officers,  Non-Commissioned  Officers, 
and  Sappers  of  the  corps,  I  beg  to  thank  the  Institution,  not  only  for 
their  kind  expressions  of  sympathy  with  us,  but  also  for  all  they  have 
done  for  us  in  the  past,  which  has  been  of  most  material  assistance  to 
us  in  rendering  our  services  of  use  to  the  country. 

**  Very  faithfully  yours, 

'*  R.  E.  Crompton, 

"  Lt.-Col.,  E.E." 

The  names  of  new  candidates  for  election  into  the  Insti- 
voL.  XXX.  23 
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tution  were  announced,  and  it  was  ordered  that  the   list 
should  be  suspended  in  the  Library. 

The  following  transfers  were  announced  as  having  been 
approved  by  the  Council : — 

From    the    class    of    Associate    Members    to    that   of 
Members — 

Frederick  William  Anthony      I         William  Stevenson. 
Knight  I         Stephen  John  Watson. 

From  the  class  of  Associates  to  that  of  Members — 

Henry  Walter  Jenvey. 

From   the    class   of    Associates    to    that    of    Associate 
Members — 

Gerald  Ricketts  Blackburn.  Cyril  Napier  Probyn  Raikes. 

William  Brew.  Noel  Burn  Rosher. 


Arthur  Blackburn  Child. 
Julian  A.  Halford. 
Gilbert  J.  Lloyd. 


R.  J.  Jocelyn  Swan. 
Robert  Naudin  Tweed}'. 
John  Walton. 


Richard  Wightman. 

From  the  class  of  Students  to  that  of  Associates — 

John  Tiernay  Callaghan.  Francis  Samuel  Miller. 

Fred  Leslie  Cruikshanks.  j  John  Leslie  Morris. 

Mostyn  R.  Gardner.  '  Frederick  Walter  Purse. 

Benjamin  Handley.  W.  A.  Quennell. 

Frank  John  Hawkins.  |  C.  T.  Stephenson. 

Bernard  Hopps.  [  Clement  Erskine  Vines. 

Elias  Marcuson.  Andrew  Cyril  Weber. 

Donations  to  the  Library,  Building  Fund,  and  Benevo- 
lent Fund  were  announced  as  having  been  received  since 
the  last  meeting  : — To  the  Library  from  Mr.  H.  W.  Lindley, 
Mr.  E.  G.  Mawbey,  and  Mr.  H.  W.  Jenvey,  Associate.  To 
the  Building  Fund  from  Messrs.  W.  Duddell,  John  Rann, 
Capt.  Jackson,  J.  E.  Stewart,  J.  F.  C.  Snell,  C.  Bauer,  A.  E. 
Levin,  Alfred  Hay,  Thomas  Mills,  Dr.  du  Riche  Preller, 
R.  A.  Dawbarn,  A.  Rutherford,  K.  W.  Fiddian,  S.  Roget, 
W.  H.  Shephard,  A.  Stroh,  A.  A.  C.  Swinton,  H.  W,  Young, 
F.  A.  Glover,  Joshua  Shaw,  E.  Percy  Harvey,  Francis 
Milton,  F.  ^^*  *  F.  H.  Nicholson,  J.  M.  Donaldson, 
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Algernon  Burton,  W.  M.  Rolph,  W.  Sankey,  \\\  Gollcdge, 
Lp.  R.  Morsliead,  John  T.  Haynes,  H.  J.  Humphreys,  Frank 
S.  Miller,  A.  G.  Jrffreys,  W.  J.  Cooper,  A.  R  Crinks,  ]•  M* 
Smyth,  A.  C  Makov^,  L.  Redmayne,  E,  D.  Morgan.  To 
the  BcncroUnt  Fund  from  Sir  David  Salomons,  and  Messrs, 
A.  E.  Levin,  O.  M.  Andrews,  S.  Roget,  A.  Stroh,  E,  Percy 
Harvey,  W.  G.  Shee,  Killingworth  Hedges ;  to  whom  the 
thanks  of  the  meeting  were  duly  accorded. 

Messrs.  F.  H.  Varley  and  G.  C.  Allingham  \vere  ap- 
pointed scrutineers  of  the  ballot  for  the  election  of  new 
members. 

The  President  announced  that  the  following  had  been 
appointed  the  Committee  of  the  Birmingham  Local  Section 
for  the  ensuing  year  : 

Officers  and  CoMifiTTEE  of  the  Birmingham  Local  Section. 

Chairman  :  Professor  Oliver  Lodge,  D.Sc.,  F.RS, 
Vice-Chairman :  Henry  Lea, 

Committee : 
F.  Brown.  Capt.  H,  R.  Sankcy. 


A.  Coleman. 
A.  Dickinson. 
G.  S.  Ram. 


W.  E.  Smnpner,  D.Sc 
R.  Threlfall,  F.R.S. 
J.  C.  Vaudrey. 


W.  Wyld. 
Hon,  Secretary :  D.  K.  Morris,  Ph.D. 

The  President  :  I  have  to  announce  that  the  Inaugural 
Meeting  of  the  Birmingham  Section  will  take  place  on 
Wednesday,  January  23rd.  Your  President  and  the  Secre- 
tary will,  of  course,  attend  that  meeting.  I  also  announce 
to  you  the  formation  of  our  first  Local  Section  in  India,  the 
Calcutta  Local  Section  of  the  Institution  of  Electrical 
Engineers. 

It  was,  further,  announced  that  the  Council  had  agreed 
that,  for  the  present,  the  areas  of  three  local  sections  should 
be  as  follows  : — 

Birmingham :  The  counties  of  Staflfordshire,  Warwick- 
shire, and  Worcestershire. 

Dublin  :  An  area  defined  by  a  circle  with  a  radius  of 
twenty*five  miles  from  Dublin  (with  the  under- 
standing that  in  special  cases  where  a  more  distant 
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member  proposes  to  attend  the  mfrtrnffi  of  ^le 
Section,  sucfa  cases  should  be  spectaUy  considered 
by  the  Committee  of  the  Section,  and  the  member 
claimed  if  it  is  tfaought  right  ^^. 
S CiVi4i$tlc^'On'Tyuc :  The  counties  of  NorthnnAcriand, 
Durham,  and  Cumberland*  with  the  town  trf 
Middlesbrough  and  Qev^and  DistricL 

The  following  paper  v^-as  then  read  : — 


THK  USE  OF  ALUMINIUM  AS  AN  ELECTRICAL 
CONDUCTOR,  WITH  NE\\'  OBSER\'ATIONS 
UPON  THE  DURABILITY^  OF  ALUMINIUM 
AND  OTHER  METALS  UNDER  ATMOSPHERIC 
EXPOSURE. 

By  John  B.  C.  Kershaw,  F.I.C. 

I.   iNTkODUCTlON. 

The  high  price  to  which  copper  has  been  forced  in 
recent  yearb  by  a  combination  of  natural  and  artificial 
caubcb — a  combination  which  it  is  unnecessary  to  discuss 
in  this  j>ai>er-  hab  led  to  a  renewed  interest  in  ahiminium 
as  a  subbtitute  for  copper  in  electrical  power  trananission 
schemes. 

Ten  years  ago  the  price  of  aluminium  was  8s.  4d.  per  lb., 
and  its  use  as  a  substitute  for  copper  for  electrical  purposes 
even  with  the  latter  metal  at  £80  per  ton,  was  therefore 
economically  impossible.  The  purity  of  the  metal  manu- 
factured in  the  early  days  of  the  electro-metallurgical 
process,  by  which  the  whole  of  the  supply  of  the  metal 
is  now  produced,  was  also  variable ;  and  it  is  only  within 
the  last  few  years  that  the  improvements  in  the  process  of 
manufacture,  in  their  relation  to  the  quality  and  price  of 
the  metal  produced,  have  brought  aluminium  within  the 
practical  range  of  the  electrical  engineer  as  a  substitute  for 
copper. 

The  following  table  shows  that  the  price  of  aluminium 
has  fallen  and  (he  quality  has  improved  with  increasing 
outputi  each  yeai'   since    1890,  when   the   present   eleclro- 
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metallurgical  process  of  manufacture  was  first  adopted  in 
this  country. 


TABLE   1, 

World  Production  and  Average  Price  of  Aluminium,  each 

Year  for  the  Period  1890-1900. 


Year. 

Production  in 

Metric  Tons  of 

2,204 1^ ' 

Price  in  Pence 
per  lb.  in  U.S  A. 

Quality.' 

1890 

165 

•  •• 

189I 

233 

75 

1892 

487 

49 

1893 

715 

37 

(•93  to  164  % 
<  Silicon,  '32  to 
(    1-66  %    Iron 

1894 

1,240 

30 

1895 

I418 

27i 

1896 

1,789 

20 

1897 

3i394 

i7i 

1898 

4»o33 

16S 

C'02  to  13  % 
<  Silicon,  12  to 
(    -32  %  Iron 

1899 

(Estimated) 

i6^i 

II.  Relative  Costs  of  Copper  and  Aluminium. 

In  order  to  compare  the  price  of  aluminium  with  that  of 
copper  when  used  for  conducting  purposes,  it  is  necessary 
to  make  allowance  for  the  fact  that  the  Specific  Gravity  of 
aluminium  is  rather  less  than  one-third  that  of  copper,  and 
that  its  conductivity  for  wires  of  equal  sectional  area  is  only 
from  50-63  per  cent,  that  of  the  more  common  metal.  The 
following  formula  is  useful  for  calculating  the  relative  prices 
of  equal  lengths  of  bare  conductors  of  the  two  metals,  of 
equal  electrical  capacity  : — 

S  X  P  X  c 
s  X  p   X  C 
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KSU   IN  THE    CMTED   KiXGDOM. 

Tlifc  low  price  at  which  aluminium  is  being  sold  for 
i;(air1uc(ing   purpobes  in   America  therefore    explains  the 

«  McMffe.  T.  Bolt//n  *  ♦»-*«i^  *nforro  the  writer  that  in  this  country  jgijo 
par  U»»»  l»  quiiUd  for  *  Ihc  wire. 
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readiness  of  electrical  engineers  in  that  country  to  adopt 
the  new  metal.  It  may  be  explained  here  that  at  present 
there  is  no  talk  of  using  aluminium  for  insulated  con- 
ductors; the  greater  sectional  area  of  the  metal  for  equal 
carrying  capacity  (i*68  :  i*oo)  rendering  it  impossible  to 
use  it  for  such  covered  conductors,  until  it  has  fallen  to 
a  much  lower  price  relative  to  copper. 

The  following  are  the  particulars  of  some  of  the  bare 
aluminium  transmission  lines  already  completed  across  the 
Atlantic. 

At  Niagara  Falls  there  are  two  aluminium  transmission 
lines ;  the  one  conveying  current  from  the  generating 
station  to  No.  2  Works  of  the  Pittsburg  Reduction  Com- 
pany, and  the  other  conveying  current  to  the  Chlorate 
Works  of  the  National  Electrolytic  Company.  Both  these 
lines  are  short,  and  are  stated  to  be  working  satisfactorily. 
Together  they  transmit  4,000  H.P. 

The  Hartford  Electric  Light  and  Power  Company  have 
an  aluminium  line  between  their  generating  station  at 
TariflFville,  and  Hartford — ^a  distance  of  11  miles.  About 
2,000  H.P.  is  transmitted  at  10,000  volts  pressure  by  the 
three-phase  system,  over  this  line.  The  diameter  of  the 
stranded  cable  used  is  J  inch,  and  it  weighs  about  1,500  lbs. 
per  mile. 

The  aluminium  transmission  line  of  the  Snoqualmie 
Falls  Power  Company  has  been  frequently  described  in 
the  technical  press.  It  runs  between  the  Falls  and  the  two 
towns  of  Tacoma  and  Seattle.  Its  total  length  is  34  miles. 
When  the  scheme  is  completed,  10,000  to  12,000  H.P.  will 
be  transmitted  by  this  line  at  a  pressure  of  29,000  volts. 
The  aluminium  used  has  been  alloyed  with  i|  per  cent, 
of  copper,  and  the  increased  tensile  strength  of  this  alloy 
has  enabled  spans  of  120-150  feet  to  be  safely  used. 

The  Blue  Lakes  Power  Company  have  an  aluminium 
line  in  use  between  their  power-house  at  Blue  Lakes,  and 
Stockton — a  distance  of  36  miles ;  1,000  H.P.  being  trans- 
mitted by  the  three-phase  system  at  a  pressure  of  25,000 
volts.  The  line  originally  erected  has  been  replaced  by  one 
of  greater  carrying  capacity,  and  1,000,000  lbs.  (446  tons)  of 
the  metal  have  been  used  for  the  new  line.  At  29  cents 
per  lb.  this  represents  an  outlay  of  ^£60,400  (or  £i,6tj  per 
mile)  for  the  metal  alone. 
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S.  I  metric  Lighting  Company  have  four  miles,  and  the 
t3i-itish  Aluminium  Company,  at  their  Foyers  Works,  have 
•^^^veral  miles  of  aluminium  in  use  for  various  puqx>ses  ; 
a.rmd  the  Post  OflBce  authorities  are  making  experimental 
t:i^ials  of  the  metal  for  long-distance  telephonic  communi- 
o^ition. 

The  difficulty  of  soldering  aluminium  has  been   sur- 
mounted in  most  of  these  schemes  by  using  mechanical 
Joints,  the  Maclntyre  sleeve-joint  being  that  usually  adopted. 
I  n  one  or  two  cases,  as  at  Niagara  and  at  Northallerton, 
soldered-joints  have  been    made,    but  the   writer  doubts 
Avhether  these  will  prove  as  satisfactory. 

This  summary  of  the  chief  installations  of  aluminium  as 
an  electrical  conductor  in  the  United  States  and  in  this 
countiy,  shows  that  considerable  progress  has  been  made. 
In  time  the  metal,  if  it  be  found  to  possess  the  requisite 
durability,  may  become  an  important  rival  of  copper  in  this 
new  field  of  usefulness. 


IV.  Durability  of  Aluminium  and  other  Metals 
UNDER  Atmospheric  Exposure. 

The  old  idea  that  aluminium  was  absolutely  proof 
against  attack  by  all  agents  excepting  alkalies  and  hydro- 
chloric acid  is  now  known  to  be  incorrect ;  and  Ditte  in 
communications  made  to  the  Academic  des  Sciences'  has 
shown  that  aluminium  is  easily  attacked  and  corroded  by 
air  and  water  under  certain  conditions.  It  is  therefore  of 
considerable  importance  to  inquire  whether  these  conditions 
are  present  when  aluminium  is  used  as  a  bare  conductor  for 
overhead  lines,  and  is  exposed  to  all  the  varieties  of  weather 
that  we  experience  in  the  course  of  the  four  seasons  of  the 
year.  In  America  electrical  engineers  are  conducting  this 
inquiry  in  the  usual  American  fashion ;  and  their  installa- 
tions of  aluminium  for  transmission  lines  in  California  and 
other  places,  are  in  reality  large  scale  experiments  which,  if 
unsuccessful,  will  cause  heavy  losses  to  fall  upon  those  who 
have  been  financing  these  undertakings. 

In  order  to  obtain  independent  and  reliable  figures 
concerning  the  eflFects  of  exposure  upon   aluminium,  the 

'  Comptes  RenduSf  March-April,  1899. 
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writer,  since  October,  1899,  has  been  carrying  out  two  series 
of  observations  in  the  North  of  England.  The  samples  of 
aluminium  used  are  in  rod  and  wire  form,  and  were  kindly 
placed  in  the  writer's  hands  by  Messrs.  T.  Bolton  &  Sons, 
of  Oakamore  Wire  Works,  and  by  the  British  Aluminium 
Company.  In  order  to  make  the  investigation  more  com- 
plete, the  inquiry  was  extended  to  all  metals  and  alloys 
used  for  electrical  conductors,  and  samples  of  copper, 
tinned  copper,  and  of  galvanised  iron  wire  were  also  sent  to 
the  writer  by  Messrs.  T.  Bolton  &  Sons.  It  is  a  curious 
fact  that  there  would  appear  to  have  been  no  previous 
scientific  observations  upon  the  durability  of  these  metals 
or  alloys  under  atmospheric  exposure ;  and  the  choice  of 
the  metal  or  alloy  for  overhead  wires  in  any  particular 
district  has  apparently  been  settled  by  custom  rather  than 
by  scientific  knowledge. 

The  methods  of  observation  adopted  by  the  writer  in  his 
experiments  were  as  follows  : — 

The  rods  and  wire  were  cut  into  2-feet  lengths,  and 
were  mounted  upon  glass  insulators  in  two  frames,  so  that 
their  position  was  parallel  one  to  the  other,  and  horizontal 
with  regard  to  the  ground. 

Fig.  I  is  a  reproduction  of  a  photograph  of  one  of  these 
frames  containing  the  sample  wires.  The  frames  carrying 
the  wires  were  so  placed  that  the  drops  of  water  collecting 
upon  the  wires  in  wet  weather  could  not  by  any  chance  pass 
from  one  wire  to  another,  and  thus  bring  electrolytic  action 
into  play.  Each  length  of  wire  was  carefully  marked  and 
weighed  before  commencing  the  exposure,  and  the  weights 
recorded.  The  one  frame  with  its  nine  insulated  sample 
wires  was  exposed  upon  the  roof  of  a  building  in  St.  Helens, 
Lancashire,  from  October  nth,  1899  to  August  23rd,  1900; 
and  the  second  frame  was  similarly  exposed  at  Waterloo, 
Lancashire,  for  the  same  period  of  ten  months. 

The  climate  of  St.  Helens  is  probably  too  well  known  to 
need  description ;  but  it  has  improved  considerably  in  recent 
years,  owing  to  the  closing  of  several  chemical  works.  The 
place  in  which  the  wires  were  exposed  is  now  singularly 
free  from  chlorine  and  hydrochloric  acid  gases. 

Waterloo  is  on  the  Mersey,  six  miles  north  of  Liverpool, 
and  its  atmosphere  is  that  of  an  ordinary  west-country  sea- 
side town,  pf  id.      During  the  exposure  period 
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of  ten  months  the  frames  were  not  touched  or  moved.  At 
the  end  of  this  period  the  wires  were  removed  from  the 
frames,  cleaned  from  the  soot  and  dirt  of  all  kinds  which 
had  accumulated  upon  them,  and  after  thoroughly  air- 
drying,  were  re-weighed.  The  results  are  set  forth  in 
Table  II. 

TABLE  n. 


Results  op  Exposure  Tests  of  Aluminium  and  other  Wires.. 


1 

Waterloo  Set:  lo  Months. 

St.  Helens  Set ;  10  Months. 

1              Compo^tion  and 
Fonn  of  Sample. 

I  + 

II  U 

in  Weight 

Remarks. 

• 

^:  =  Gain )  % 
-  =  Lossj  ^ 

a 

Remarks. 

r 

Aluminium  Rod  No.  i 

w            „    No.  2 

Aluminium  Wire  No.  i 

»,     No.  2 

»•     No.  3 

Galvanised  Iron  Wire  No.  i 
„              No.  2 

Copper  Wire  No.  i  

Per  cent. 
nU 

+  13 

+  •41 
nil 

+  •55 

-IS 
-16 

nil 
nil 

/These  5  samples 
were  all  pitted, 
especially  on 
•<  the  under  sides, 
where  water- 
drops  had  col- 

\  lected  and  dried. 

/  No    change    in 
appearance    to 
(the  eye. 

f  Oxidised  on  sur- 
•  face,but  not  pit- 
ted or  corroded. 

Percent 
+    -27 
+    -51 

+    -83 
+     83 

+    -54 

-  1*44 

-  2-13 

-1-65 

-  1-31 

'These  5  samples 
were  very  badly 
pitted.  Dirt  had 
settled  in  their 
corrosions   and 
could  not  be  re- 
moved by  scrub- 
.bing. 

Badly  corroded. 
Zinc     partly 
eaten  away. 

/These  wires 
were    perfectly 

•  black,  and  could 
not  be  distin- 
guished. 

1  Tinned  Copper  Wire  No.  i 

1 
1 

The  above  figures  show  that  the  aluminium  wires  and 
rods  had  nearly  all  gained  in  weight  during  the  ten  months' 
exposure,  the  gain  varying  from  nil  up  to  '83  per  cent,  on 
the  weight  of  the  original  wire.  This  gain  must  be  attri- 
buted to  the  corrosion  of  the  rods  and  wires,  and  to  the 
settling  of  soot  and  dirt  in  the  crevices.  No  amount  of 
scrubbing  would  remove  this  dirt.  The  weights  of  these 
aluminium  rods  and  wires  were  therefore  of  very  little  use  in 
determining  how  far  they  had  suffered  by  the  exposure,  and 
the  two  samples  of  aluminium  wire  marked  No.  i  in  Table  II. 
were  submitted  to  conductivity,  and  tensile  strength,  tests.^ 
The  results  are  given  in  Table  III. 

'  These  tests  were  made  by  the  Faraday  House  Testing. Institution. 
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"iZinai  Wire    


\V  iterioo  ^sunptc  - 
^t    Hok*ns  simple 


12*06 
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*.  Ms  Ken  viistomarv  M  iisstune  that  the  almmmnirL  wire 
^upplieil  tor  t^ectnoii  Durtroses  had  a  conductrvitv  of  from 
57-«>5  ;x.T  cent,  that  cr  c^^pper,  taking  eqnai  sectional  areas 
n  tiie  two  rnetais.  Hie  toiiowini;  tiuures  were  in  fact  sent 
M  "[le  wnter  \vith  tne  samples  oi  alummitmi  wh^  used  :n 
^ome  .  't  these  exrenments. 
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'itipcsnjott. 


•jodacttRtr: 


'\o(*        jS'fit)^  percent.  .vL 
:.  W're      hj  per  cent.  AL 
;.  \V''c      x)rt.*roent.  .U.   ;  rerc^nt-Fe. 
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i6~€8  tons 
13-16  tons 
i6-{8  toiR 


S  ininle<  :  ind  ;  were,  iiowex'er,  >ubnnttedto  indepoident 
tests  tor  conductivttv,  before  exposmij^and  it  \tob  found  tbat 
in  ^^v:i^  M  oondnctivitu's  ot  '^5  ind  '>2  percent^  thev  only 
p/,sm»<s'ed  ooniinct'v'fes  -^kt  51  per  cent,  and  54.  per  cent. 
res{v^rtiv 'Iv  If  <,  -^f  cvnirse,  known  that  pure  aianuniam 
his  .1  Cf''ndMct'V'ty  -^^  -.-^er  cent,  that  of  copper:  and  the  low 
Cf:v!'ict:\n*y  of  the^e  samples  can  only  be  explained  by  the 
pr^-sence  of  i»-on.  or  other  memis,  introduced  to  increase 
their  stren:^h.  The  CAnrl!ictiv:ry  tests  supplied  by  die  firm 
in  (]tiest:r»n  were  evidently  h-ised  on  surmise,  not  on  actual 
results. 

The  fesfs  given  rn  TaHe  \\\,  show  that  althou^  the  St. 


'  Till'?  (e^l  w-i'  "•*-*-*'^'f  hy  fhe  firm  from  whom  the  wire  was  obtained, 
and  it  h  (herr  compsrable  with  the  others. 
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Helens  wire  had  gained  in  weight,  yet  considerable  loss  in 
conductivity  and  tensile  strength  had  resulted  from  the 
exposure  and  consequent  pittings.  The  Waterloo  samples, 
although  pitted  to  a  less  extent,  had  not  lost  in  conduc- 
tivity ;  and  the  tensile  strength  had  probably  not  suffered, 
although  in  the  absence  of  a  special  test  of  the  original 
wire  it  is  impossible  to  be  quite  certain  on  this  point.  The 
remains  of  these  two  sample  wires  are  here  on  the  table  for 
examination  by  those  interested  in  the  subject,  and  photo- 
graphs of  the  more  badly  corroded  wire  are  also  exhibited. 

Examining  Table  II.  again,  in  order  to  study  the  results 
obtained  with  the  remaining  wires,  we  see  that  both  in 
Waterloo  and  in  St.  Helens  the  galvanised  iron  wires  had 
lost  in  weight ;  the  losses  in  the  latter  case  being  serious  and 
amounting  to  1*44  per  cent,  and  2*13  per  cent,  of  the  original 
weight  of  the  wires.  In  this  case  almost  the  whole  of  the 
zinc  had  been  dissolved  away  by  the  action  of  the  acid  gases, 
and  the  exposed  iron  was  badly  oxidised.  The  two  Waterloo 
samples  were,  on  the  other  hand,  bright  and  clean,  and  to 
the  eye  did  not  appear  to  have  suffered. 

The  copper  and  tinned  copper  wires  exposed  at  Waterloo 
were  oxidised  on  the  surface ;  but  no  pitting  had  occurred, 
and  there  was  neither  loss  nor  gain  in  weight.  The  two 
samples  of  similar  wire  exposed  at  St.  Helens  had  both  lost 
in  weight  (1*65  and  1*31  per  cent,  respectively),  and  as  the 
whole  of  the  tin  had  been  dissolved  oflf  the  tinned  copper 
wire,  it  was  impossible  to  distinguish  one  from  the  other. 

V.  Conclusions. 

It  is  perhaps  unwise  to  found  any  general  conclusions 
upon  the  results  of  these  observations,  since  they  refer  to 
two  districts  only.  The  British  Isles  can  afford  a  very  wide 
and  ample  selection  in  the  way  of  climates.  It  would,  of 
course,  be  interesting  to  have  similar  series  of  observations 
established  in  London,  and  in  one  or  more  of  our  large 
cities  with  a  manufacturing  population — say  Manchester, 
Glasgow,  or  Sheffield ;  but  at  the  moment  the  writer  is 
unable  to  establish  these.  The  investigation,  however,  proves 
that  the  aluminium  wires  at  present  sold  for  conducting  pur- 
poses in  this  country  are  not  perfectly  resistent  to  atmo- 
spheric corrosion,  and  that  in  the  atmosphere  of  a  town 
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*r*i^ige  to  have  such  experiments  carried  out  at  the  Natural  Physical 
sLl>oratory,  and  shall  welcome  the  advice  and  assistance  of  any 
Lembers  of  the  Institution  interested  in  the  matter. 

•*  Yours  truly, 

"  R.  T.  Glazebrook." 

I  believe  I  have  heard  that  Lord  Kelvin  is  making  pretty 
arge  experiments  on  this  subject,  and  that  he  has  spread 
iome  aluminium  wires  to  find  out  their  durability  some- 
^vliere  in  Scotland — ^at  Foyers,  I  believe. 

Mr.  J.  Gavey  :  The  Post  Office  has,  for  about  twelve  months,  had  Mr.  Gavey. 
ar&der  consideration  the  desirability  of  carrying  out  certain  experiments 
with  aluminium  wire,  and  the  reason  >Vhy  they  were  deferred  for  such 
a.  long  period  was  the  difficulty  in  obtaining  a  suitable  soldered  joint. 
Old  telegraph  engineers,  whose  memories  carry  them  back  to  the  period 
before  the  invention  of  the  Britannic  joint,  have  a  great  horror  of  un- 
sxDldered  joints  ;  and  before  we  undertook  to  carry  out  experiments  we 
deferred  our  trials,  at  all  events  until  something  in  the  nature  of  a  satis- 
factory soldered  joint  could  be  obtained.    The  question  of  soldering 
seemed  to  be  solved  so  far  as  the  mere  soldering  of  joints  was  con- 
cerned, but  unfortunately  the  heat  that  was  necessary  for  the  soldering 
annealed  the  wire  and  reduced  its  strength  by  exactly  50  per  cent. 
Ultimately,  not  to  delay  the  experiments  any  longer,  we  arranged  to 
run  out  the  wires  in  the  full  length  of  the  coil,  to  erect  each  coil  of  wire 
on  an  insulator,  and  to  solder  the  joint  in  a  little  loop,  so  that  the 
annealing  of  the  wire  itself  had  no  injurious  effect  on  the  strength  of 
the  portion  that  was  suspended.    We  have  now  obtained  something 
like  18  or  20  miles,  and  about  15  miles  of  this  wire  were  erected  in  the 
Potteries,  near  Hanley.    We  thought  that  was  a  very  suitable  place  to 
expose  it  for  a  crucial  trial.    The  wire  handled  very  well,  but  our  first 
experiment  has  not  been  very  promising.    We  erected  15  miles  of  the 
wire  early  in  December,  and  within  about  a  fortnight  of  that  time  a  heavy 
gale  of  wind  blew  across  the  country,  and  there  were  about  eight  or  ten 
breaks  in  these  spans  that  were  erected.    The  wire  that  was  put  up 
weighs  75  lbs.  to  the  mile  ;  its  approximate  diameter  is  1*24  millimetres ; 
its  breaking  strain  was  340  lbs.,  which,  being  reduced  to  tons  per  square 
inch,  came  out  at  12*568  tons ;  it  stood  ten  twists  in  three  inches ;  its 
maximum  resistance  per  mile  was  6*158  ohms,  and  its  specific  resistance 
came  out  at  2*974  ohms.    I  do  not  want  to  make  too  much  of  this,  and 
it  is  perhaps  a  little  too  early  to  come  to  any  conclusion  on  the  subject, 
beyond,  perhaps,  this :  that  it  is  quite  possible  that,  either  in  the  pre- 
paration of  the  billets  or  in  the  rolling  or  drawing  of  the  wires,  there 
were  places  which  were  either  very  crystalline  or  which  differed  in 
character  from  the  remainder  of  the  wire.    I  think,  carrying  back  our 
experience  to  the  original  use  of  hard-drawn  copper  wire  for  telegr^h 
and  telephone  circuits,  we  met  with  considerable  difficulties  in  obtain- 
ing exactly  the  quality  of  wire  that  we  asked  for.    It  was  very  difficult, 
an  the  first  place,  to  meet  the  rather  stringent  specifications  of  the  Post 
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Mr.  Gavey.  Qffice,  but  our  English  manufacturers — and  I  am  glad  to  say  this,  after 
all  the  obloquy  that  has  been  heaped  upon  them — came  to  the  fronts  and, 
after  considerable  expenditure,  they  did  succeed  in  meeting  our  require- 
ments. No  doubt  in  the  manufacture  of  aluminium  wire,  when  a  little 
more  experience  has  been  obtained,  similar  success  will  attend  the 
efforts  of  manufacturers.  You  may  take  it  for  what  it  is  worth,  that  the 
first  trials  have  not  been  quite  so  satisfagtory  as  we  hoped  for.  I  should 
have  added,  perhaps,  reference  having  been  made  to  San  Francisco, 
or  rather  to  California,  that  I  had  the  pleasure  of  a  conversation  with  Mr. 
Sabine,  the  President  of  the  Pacific  Telephone  and  Telegraph  Com- 
pany, about  six  months  ago.  He  had  erected  a  considerable  length  of 
aluminium  wire  for  telephonic  purposes,  and  he  told  me  that  the  Hue 
had  been  subjected  to  breaks  of  a  somewhat  similar  character  to  those 
that  we  have  experienced,  and  for  which  they  could  not  exactly 
account. 

Swinburne  ^^'  SwiNBURNE  .*  In  this  paper  there  is  one  very  important  pKHot 

which  is  not  very  fully  dealt  with,  and  that  is  the  question  of  the  purity 
of  the  aluminium.  A  very  small  portion  of  any  foreign  metal  is 
aluminium  will  probably  lower  the  conductivity,  and  therefore  thro« 
the  price-ratio  wrong ;  that  is  to  say,  a  very  little  further  purification 
of  the  aluminium  will  probably  make  its  current-carrying  powt? 
greater,  so  that  the  price-comparison  is  altered.  A  very  little  further 
purification  will  also  probably  prevent  the  corrosion.  The  three  chid 
impurities  in  aluminium  are  sodium,  which  is  about  the  worst  element 
you  possibly  can  have,  from  the  corrosion  point  of  view  ;  silicon,  whidi 
probably  also  gives  rise  to  corrosion  ;  and  iron,  which  perhaps  docs  not 
matter,  except  as  to  resistance.  The  manufacturers  of  aluminium  arc 
continually  improving  it,  and  therefore  there  is  considerable  hope  in 
that  direction.  But  the  next  difficulty,  which  Mr.  Gavey  has  also  men- 
tioned, was  the  question  of  soldering.  Nearly  all  the  aluminium  alloys 
are  unstable  if  they  have  much  aluminium  ;  that  is  to  say,  the  aluminium 
alloys  with  a  lot  of  the  other  metal  and  a  little  aluminium  are  generally 
good  ;  also  with  a  lot  of  aluminium  and  a  Httle  of  the  other  metal  tber 
are  generally  good.  But  the  aluminium  alloys  with  about  equal  propor- 
tions of  one  metal  and  aluminium  are  very  curious ;  they  are  nearly 
always  unstable,  and  very  many  of  them  tumble  to  powder  without 
being  touched.  It  is  quite  easy  to  solder  aluminium,  but  the  solder 
does  not  necessarily  last  more  than  two  or  three  months,  which  is  * 
most  annoying  thing.  It  has  struck  me — I  have  been  told  that  I  am 
wrong,  but  I  have  never  been  told  why — that  there  is  a  practical 
difficulty  if  you  use  a  solder  that  is  not  nearly  all  aluminium,  because  ii 
you  use  any  other  solder  there  must  be  a  surface  cutting  the  joint  some- 
where that  is  in  the  unstable  condition,  and  that  surface  is  probabh 
what  breaks.  Mr.  Kershaw  says  that  he  thinks  aluminium  is  hopele>> 
for  insulated  conductors.  I  do  not  think  that  is  altogether  so.  It  rather 
bears,  perhaps,  on  the  next  paper,  but  it  may  be  interesting  to  point  out 
what  I  mean  now.  Aluminium  is  chiefly  used  for  overhead  conductors. 
WTien  you  get  a  very  high  pressure  on  an  overhead  conductor,  yoo 
must  remember  that  the  slope  of  the  potential  varies  as  the  distance 
from  the  centre,  so  that  it  is  very  great  just  near  the  surface  of  the 
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metal,  and  the  higher  the  potential  and  the  smaller  the  lead  the  greater  Mr. 
the  fall.    The  result  is  that  when  you  get  up  above  20,000  or  30,000  ^^"*'"™«- 
volts  with  a  small  conductor,  if  you  look  at  it  in  the  dark  you  will 
see  discharges  going  on  all  over  it.    The  air  is  breaking  down,  and 
is  getting,  as  it  were,  torn.    That  means  waste  of  power,  and  these 
leaks  for  very  high  pressures  become  very  serious.    Therefore  alu- 
minium is  better  than  copper,  unless  you  make  the  copper  into  a  tube. 
It  is  probable  that  it  will  be  cheaper  to  use,  considering  how  near  they 
sure  in  price,  a  big  aluminium  wire  than  a  copper  tube.    The  same  thing 
comes  in  when  you  are  dealing  with  insulated  conductors  for  high 
pressures.    It  may  quite  happen  with  a  large  power-transmission  that 
either  a  copper  tube  must  be  used  for  the  central,  or  else  aluminium  ; 
and  in  that  case  you  have  no  further  chance  of  corrosion.    It  is  quite 
possible  that  aluminium  may  be  exceedingly  important,  even  in  covered 
conductors,  in  large  engineering  schemes. 

Professor  George  Forbes  {communicated) :  In  reference  to  Mr.  Professor 
Kershaw's  paper  on  the  use  of  aluminium  as  an  electric  conductor,  I  ^*"**^ 
beg  to  quote  the  following  passage  from  a  letter  written  to  me  by  the 
vice-president  and  treasurer  of  the  Niagara  Falls  Power  Company,  and 
dated  Niagara  Falls,  N.Y.,  December  29,  1900 :  'f  We  are  building  our 
second  line  to  Buffalo  with  aluminium  cables,  and  shall  furnish  5,000 
H.P.  to  the  Pan-American  Exposition  beginning  April  ist" 

In  the  same  connection  I  may  mention  that  I  have  had  exposed 
at  Fettercairn,  Kincardineshire,  two  aluminium  conductors,  each 
^  inch  diameter  and  200  3rards  long,  one  for  eighteen  months  and  the 
other  nearly  three  years — the  one  being  of  aluminium  from  Neuhausen, 
the  other  from  Foyers.  Both  of  these  are  in  a  perfectly  good 
condition. 

Mr.  E.  RiSTORi  {communicated) :  The  Company  in  which  I  am  Mr. 
interested  is,  of  course,  quite  as  anxious  as  any  one  else  to  prove  w«torf- 
conclusively  whether  aluminium  can  advantageously  be  adopted  as  an 
electrical  conductor,  and  on  this  point  we  may  remark  that  during  the 
last  three  or  four  years,  the  Company  has  had  several  miles  of 
aluminium  wir^  and  strip  working  for  telephone,  lighting,  and  power 
transmission  purposes  at  Foyers,  and  that  up  to  the  present,  we  have 
not  had  any  trouble  with  these  installations,  either  electrically,  on 
account  of  the  conductivity  being  lower  than  that  calculated  for,  or 
mechanically,  from  breakdowns  due  to  the  weather,  which  is  not  of  the 
best  in  that  locality.  Moreover,  I  shbuld  mention  that  this  plant  was 
not  erected  in  the  nature  of  an  exp>eriment,  as  we  were  already 
convinced  of  the  suitability  of  aluminium  for  the  purposes  required, 
but  for  permanent  and  heavy  work,  and,  as  I  say,  the  results  have  been  / 

in  every  way  satisfactory.  The  metal  used  was  that  which  we  are 
turning  out  at  our  factory,  and  I  am  arranging  some  experiments  with 
a  view  to  ascertaining  the  present  conductivity  of  some  of  these  wires, 
which  have  now  been  in  use  for  several  years,  and  I  hope  to  com- 
municate the  results  to  the  Institution  later. 

The   figures    given    in   Mr.    Kershaw's   pap)er    representing    the 
conductivity  of  his  specimens  as  being  between  51  per  cent,  and  54  per 
cent  that  of  copper,  I  must  say  are  very  much  below  those  obtained 
VOL.  XXX.  24 
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>vould  probably  protect  the  wires  to  some  extent  after  long  use.    All   Mr. 
these  points  can  only  be  determined  by  a  lengthened  exposure  and  ^'****^"S«- 
frequent  tests. 

Tinning  copper  wire  intended  for  use  in  a  bad  atmosphere, 
especially  near  chemical  works,  is  apparently  a  waste.  This  is  only 
>vhat  might  be  expected,  seeing  that  there  is  always  present  in  the 
atmosphere  of  such  localities  hydrochloric  acid  and  free  chlorine. 

In  comparing  the  relative  value  of  copper  and  aluminium  for 
electrical  conductors,  it  should  not  be  overlooked  that,  whilst  the 
conductivity  of  aluminium  has  a  downward  tendency,  due  to  the 
necessity  of  using  a  strengthening  alloy,  the  conductivity  of  copper  is 
increasing  by  improved  methods  of  manufacture.  My  company  is 
noAv  delivering  as  a  regular  thing  copper  of  loi  per  cent.,  and  occa- 
sionally I02  per  cent,  is  reached.  The  tensile  strength  is  also  increasing, 
and  is  now  considerably  above  the  requirements  demanded  by  the  Post 
Office  specification. 

With  aluminium,  the  use  of  mechanical  joints,  which  appear  to  be 
the  most  satisfactory,  must,  on  long  lines,  materially  affect  the  resistance 
of  such  line. 

Mr.  Kershaw,  in  reply  (communicated) :  I  am  gratified  to  learn  from  Mr. 
Professor  Glazebrook's  letter  to  the  President  of  this  Institution  that  he 
considers  the  question  of  the  corrosion  of  aluminium  and  other  wires 
under  atmospheric  exposure  of  .sufficient  importance  to  warrant  the 
commencement  of  exposure  tests  at  the  new  National  Physical  Labora- 
tory at  Kew. 

I  have  stated  in  my  paper  that  it  would  be  interesting  to  have  a 
series  of  observations  carried  out  in  different  localities,  and,  I  therefore, 
hail  Professor  Glazebrook's  offer  with  satisfaction.  It  will  be  instructive 
to  compare  the  results  obtained  at  Kew,  with  the  commercial  samples  of 
wire,  with  those  I  have  obtained  in  Lancashire. 

With  regard  to  the  President's  statement  that  Lord  Kelvin  is 
canning  out  some  exposure  tests  with  aluminium  conductors  in  the 
North,  I  may  say  that  I  was  not  aware  of  this  fact.  Professor  Forbes 
has,  however,  instituted  some  practical  tests  of  this  character  in 
Scotland,  and  possibly  these  are  the  observations  to  which  Professor 
Perry  alludes. 

Mr.  Gavey,  to  whom  I  am  much  obliged  for  his  information  con- 
cerning the  Post  Office  trials  of  aluminium^  has  referred  to  the  difficulty 
met  with  in  making  satisfactory  joints  with  the  new  metal.  I  suppose 
Mr.  Gavey  is  aware  that  in  America  a  mechanical  sleeve-joint  is 
generally  adopted,  and  that  it  is  giving  most  satisfactory  results.  A  new 
method  of  "autogenous  soldering" — or  welding — has  also  recently 
been  brought  out  and  patented  by  Heraeus  of  Hanau,  and  at  the  Paris 
Exhibition  a  wire  5  feet  long,  made  up  of  twelve  separate  pieces  joined 
together  by  this  method,  attracted  much  attention.  The  method  is 
fully  described  by  the  inventor  in  the  "  Zeits.  f.  Angew.  Chemie  "  of 
July  24,  1900.  The  difficulty  of  jointing  aluminium  is,  therefore, 
practically  surmounted. 

Mr.  Swinburne  in  his  remarks  has  pointed  out  that  I  have  been 
incorrect  in  stating  that  there  is  no  future  for  aluminium  as  an  insulated 
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conductor.  In  my  remarks  upon  this  point  I  was  referring  of  course 
solely  to  the  greater  surface  area  of  conductors  of  the  light  metal, 
and  I  am  ready  to  bow  to  Mr.  Swinburne's  superior  knowledge, 
and  to  accept  his  statement  that  the  cost  of  insulating  aluminium  for 
high  tension  currents  will  be  less  than  in  the  case  of  copper. 

With  regard  to  the  influence  of  small  amounts  of  impurity  upon  the 
conductivity  of  aluminium  wires,  I  am  aware  of  the  importance  of  this 
aspect  of  the  subject. 

My  experiments  were,  however,  directed  towards  finding  the 
durability  of  the  metal  now  sold  for  conducting  purposes,  and  it  would 
not  have  been  of  any  practical  value  to  confine  my  experiments  to 
specially  prepared  and  purified  forms  of  aluminium. 

I  have  given  in  my  paper  the  "  official "  descriptions  of  three  of  tiie 
samples  used  in  the  experiments.  The  discrepancy  in  the  conductivrtr 
tests  has,  however,  caused  me  to  doubt  the  value  of  these  "  official " 
descriptions ;  and  before  the  results  of  the  further  observations  with 
the  wires  exposed  at  St.  Helens  and  Waterloo  are  published,  I  shall 
hope  to  have  completed  independent  analyses  of  the  various  metals  and 
alloys  used  in  these  experiments. 

[Communicated  March  15,  1901]  :  Mr.  Ristori  in  his  communicated 
remarks  has  thought  it  necessary  to  impugn  the  accuracy  of  the  con- 
ductivity tests  published  in  my  paper.  It  would,  however,  have  been 
more  to  the  point  if  Mr.  Ristori,  in  place  of  quoting  general  tests,  had 
given  the  actual  conductivity  tests  of  the  wire,  samples  of  which  wen? 
supplied  by  his  firm  to  me  in  1899.  Personally  I  have  little  doubt  as  to 
the  correctness  of  the  tests  given  in  my  paper,  and  confirmation  from  an 
independent  source  will  be  found  in  the  issue  of  the  Electrical  Review 
for  March  8,  190 1.  In  a  report  upon  the  condition  of  the  aluminium 
wires  erected  at  Northallerton  in  1H99,  it  is  stated  that  the  original  elec- 
trical conductivity  of  the  wire  was  only  51  per  cent.  This  wonld  seem 
to  indicate  that  the  wire  sold  by  the  British  Aluminium  Company  in 
1899,  for  electrical  purposes,  was  far  below  the  60-65  per  cent,  con- 
ductivity standard  referred  to  by  Mr.  Ristori  ;  and  some  of  the  samples 
placed  in  my  hands  by  the  British  Aluminium  Company  in  that  year  we^ 
evidently  similar  in  composition  to  the  wire  erected  at  Northallerton. 

In  conclusion  I  may  state  that  my  interest  in  the  subject  is  purdy 
scientific,  and  that  I  am  only  desirous  of  arriving  at  a  true  estimate  oj 
the  future  that  awaits  "  aluminium  "  in  this  new  field  of  usefulness. 

The  President  :  I  will  ask  you  to  give  your  thanks  to  Mr.  Kershaw 
for  this  valuable  paper. 

The  resolution  was  carried  by  acclamation. 

The  following  paper  was  then  read  : — 


CAPACITY  IN  ALTERNATE  CURRENT  WORKING. 

By  W.  M.  MORDEY,  Member  of  Council. 

This  is  an  attempt  to  consider  some  of  the  effects  ol 
electro-static  capacity  in  insulated  cables  for  alternate  current 
working,  especially  as  regards  the  power  and  plant. 
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Distinctions  formerly  drawn  between  "current  elec- 
tricity "  and  "  static  electricity "  have  left  impressions  on 
our  minds  by  no  means  helpful  now.  When  we  come 
to  deal  with  electro-static  capacity  in  engineering  appli- 
cations with  rapidly  alternating  currents,  we  find  that  so  far 
from  being  "static"  the  conditions  and  effects  are  those 
of  current  or  flow,  and  may  most  usefully  be  studied  as 
such. 

Elecfro-static  capacity  in  cables  in  some  respects  is  an 
advantage,  but  on  the  whole  it  is  a  serious  drawback  in 
alternate  current  work,  mainly  because  it  is  directly  and 
indirectly  a  cause  of  waste  of  power. 

Now  that  many  applications  of  extra  high  tension 
alternate  current  distribution  are  being  promoted,  it  may 
be  useful  to  carefully  examine  what  is  involved  in  this 
property  as  regards  the  power  and  plant  required. 

In  attempting  to  do  this  I  may  be  allowed  to  begin  at 
the  beginning,  as  I  think  this  may  be  useful  to  many 
engineers  who  have  not  hitherto  considered  the  subject 
in  its  relation  to  economy  of  working. 

The  capacity  of  a  cable  is  measured  usually  by  com- 
paring it  with  that  of  a  standard  condenser,  using  a  low 
pressure  and  observing  the  throw  of  a  ballistic  galvano- 
meter. 

The  unit  of  capacity  is  tlie  farad,  but  as  it  is  too  large 
for  practical  purposes,  the  practical   unit  adopted  is  the 

microfarad  or  T.ooJ.oiy<j  ^^  ^  farad. 

Electric  supply  cables  have  a  capacity  varying  from 
about  one-fifth  of  a  microfarad  to  about  one  micro- 
farad per  mile,  according  to  the  size,  the  form,  and  the 
kind  of  insulating  material   used. 

If  two  cables  are  connected  to  the  terminals  of  an 
alternator,  a  current  to  charge  the  cables  will  flow  into 
them  as  the  pressure  rises  in  each  half  period,  and  back 
again  as  the  pressure  falls.  As  this  occurs  usually  from 
ICO  to  200  times  a  second  it  is  of  course  just  as  "con- 
tinuous "  as  any  other  alternating  current.  The  amount  of 
this  charging  current  is  easily  found  if  we  know  the  capacity 
of  the  cable. 

Perhaps  I  may  be  allowed  to  give  a  practical  idea  of  what 
a  microfarad  is,  in  terms  of  volts,  amperes,  and  periods. 
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As  it  can  be  applied  wherever  an  alternator  is  available,  it 
should  be  useful  to  station  engineers  and  others,  especially 
for  taking  the  capacity  after  the  mains  have  been  laid.    The 
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Fig.  I. — Capacity  Current  taken  by  Cable  at  Various  E.M.F.'s,  50  (\J . 

test  can  be  made  at  the  full  working  pressure — and  variations 
of  capacity  with  age  may  be  easily  observed.' 

In  order  to  show  what  the  capacity  current  may  amount 

'  Since  reading  this  paper  I  have  found  this  method  useful  only  with  trur 
sine  curve  alternators — see  discussion,  p.  396. — W.  M.  M. 
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Fig.  2  is  plotted  from  this  table,  the  apper  curve  giving 
the  apparent  power,  and  the  lower  curve  the  true  powCT. 
Fig.  3  is  the  lower  part  of  Fig.  2  drawn  to  a  larger  scale. 

At  loo  f\J  the  current  and  watts  would  be  double,  and 
at  25  r\J  they  would  be  one-half  of  the  values  given  in  the 
table. 

When  it  is  remembered  that  large  distribution  systems 
working  at  10,000  to  20,000  volts  may,  and  probably  often 
will,  have  cables  the  capacity  of  which  may  be  scores  of 
microfarads,  it  will  be  realised  that  the  magnitude  of  the 
capacity  effect  is  considerable.  Even  at  low  and  moderate 
pressures  it  is  by  no  means  negligible. 

The  term  "apparent  watts"  is  rather  unsatisfactory. 
It  is  generally  used  to  indicate  that  the  whole  of  some 
volt-ampere  quantity  is  not  true  watts,  but  it  is  sometimes 
applied  to  volt-amperes  that  are  not  watts  at  all.  For 
instance,  people  will  say,  "  So  many  true  watts  and  so  many 
apparent  watts."  The  safest  plan  seems  to  be  to  use  the 
term  "apparent  watts"  as  including  both  true  and  false  watts, 
adding  the  power-factor,  when  known,  to  show  how  many 
of  the  apparent  watts  are  true  and  how  many  are  false. 

The  next  question  to  consider  is.  What  is  the  power- 
factor  of  the  cables  ?  This  is  very  important,  for  whatever 
we  may  be  able  to  accomplish  in  neutralising  or  com- 
pensating the  charging  current,  so  far  as  I  know  we  can 
do  nothing  to  reduce  the  true  watts  absorbed  by  the 
dielectric  of  any  given  cable  at  any  given  pressure  and 
periodicity.  These  true  watts  are  made  up  of  ordinary 
copper  loss  or  C=*R  due  to  any  charging  current  flowing 
in  the  conductor,  to  leakage,  and  to  dielectric  hysteresis. 

The  C^R  loss  due  to  the  passage  of  the  capacity  current 
is  usually  unimportant,  at  least  in  large  cables.  It  is  easily 
calculated. 

The  leakage  is  also  usually  unimportant.  Thus  if  a 
2,000-volt  cable  has  an  insulation  resistance  of  say  1,000 
megohms  per  mile,  the  leakage  will  be  only  2  millionths 
of  an  ampere  and  4  thousandths  of  a  watt  per  mile. 

Then  there  is  the  loss  from  dielectric  hysteresis ;  that 
is,  the  loss  of  energy  due  to  the  insulating  material  being 
subjected  to  rapidly  repeated  and  violent  electric  strains* 

Whether  this  effect  is  simply  due  to  mechanical  friction 
caused    by    rapidly    repeated    attractions    and    repulsions 
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t)etween  the  particles  of  the  insulating  material,  and  he- 
tween  that  material  and  the  metal  within  it  and  outside  of 
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Fig.  3.— (This  is  the  lower  part  of  Fig.  2  drawn  to  a  larger  scale.) 

Upper  Curve  =  Apparent  K.W. 


Lower 


»» 


Real  K.W. 


it ;  or  whether  it  is  due  to  some  more  obscure  molecular 
or  polarisation  effect,  I  do  not  know.  A  simple  explana- 
tion is  to  be  preferred  if  a .  satisfactory   one  can   be  got. 
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It  cannot  be  said  that  2,226  apparent  watts  and  275  true 
^watts  per  mile  are  negligible  quantities.     This  is  at  2,000  v. 

100  ru. 

When  the  cable  is  worked  as  intended  at  6,000  volts 
50  C\J  the  losses  per  mile  will  be — 

•86  X  '6283  X  3  =  1*621  amperes. 
The  apparent  watts  per  mile  1*621  x  6,000  =  9,726  : 
and  the  true  watts  9,726  x  '124  =  1,206  per  mile. 

This  of  course  is  on  the  assumption  that  the  power- 
factor  is  the  same  at  high  pressures  as  at  low  (as  seems 
probable),  and  that  the  loss  in  this  instance  was  accurately 
determined. 

The  dielectric  loss  is  not  preventible.  It  may  be  lessened 
by  increasing  the  thickness  of  the  dielectric — that  is,  by 
reducing  the  strain — or  by  usiiig  a  dielectric  of  low  specific 
capacity,  and  by  working  at  a  low  periodicity  ;  but  for  any 
given  case  it  must  be  accepted  as  one  of  the  conditions  of 
working.  In  some  respects  it  is  like  the  hysteresis  loss 
accompanying  the  magnetising  and  demagnetising  of  iron. 

But  dielectrijc  hysteresis  seems  to  differ  from  magnetic 
hysteresis  in  showing  no  saturation  effect.  Possibly  at  very 
high  pressures  the  curve  may  begin  to  bend  down,  but  I 
should  expect  the  insulation  to  break  down  earlier  than  the 
proportional  law. 

I  have  already  said  that  the  actual  loss  in  the  dielectric, 
whatever  its  amount,  is  going  on  always  when  the  mains 
are  energised — whether  any  power  is  being  transmitted  or 
not.  In  the  case  just  examined  of  the  6,000- volt  50  r\J 
transmission  it  amounts  to  about  0*23  watt  per  foot  of  cable. 
So  far  as  it  is  a  cause  of  waste  of  power  this  may  be,  and 
often  is,  a  much  more  important  loss  than  the  ordinary 
C»R  copper  loss.  This  will  be  seen  from  the  following 
comparison : — 

The  37/15S  cable  (0*154  sq.  in.)  has  a  resistance  of  0*271 
ohm  per  mile,  or  0*542  per  mile  for  the  two  conductors. 
The  constant  dielectric  loss  of  1,206  watts  per  mile  is  there- 
fore equivalent  to  a  copper  loss  due  to  the  constant  passage 
through  both  conductors  of  47*2  amperes,  or  at  the  current 
density  of  326  amperes  per  square  inch  ;  or  a  current  that 
would  give  a  drop  of  25*6  volts  per  mile  (or  in  the  singi 
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Table  III. 

Cables  working  at  7,500  volts,  50  C\J . 
Losses  in  Dielectric  per  Mile. 


1   Size  of  Cable      

17/20 

19/20 

19/16 

19/14 

37/16 

Mfd.  per  Mile    

•2 

•33 

•364 

•425 

•454 

Apparent  Watts 

3'3a) 

5450 

6,000 

7,000 

7,500 

True  Watts 

410 

670 

744 

870 

930 

Current  (and  cur-' 
rent  density)  in 
conductor  that 
would  give  loss 
equivalent      to 
that  in  dielec- 

Amp. 

Amp. 
sq.  in. 

8-3 
1,180 

17-4 
913 

32-6 
540 

44 
467 

507 
430 

tric   / 

B.T.   Units  per  mile ) 
per  mile ) 

3»590 

5370 

6,520 

7.630 

8,147 

Note. — In  these  two  tables  the  equivalent  copper  loss  is  taken  as  that  in  a 
single  conductor — not  in  a  "  lead  and  return  " — ^for  the  reason  that  the  dielectric 
loss  is  the  same  (for  the  same  capacity)  whether  the  main  is  a  single  one  or 
double. 

Take  a  higher  pressure  illustration.  Imagine  a  system  of  40  miles  of  cable 
working  at  20,000  volts  50  PsJ ,  the  capacity  being  0*5  mfd.  per  mile.  With 
no  load  and  no  apparatus  connected  to  the  mains  the  generator  would  have 
to  provide  at  charging  current  of  125*6  amperes  at  20,000  volts, 

es  2,512,000  apparent  watts. 
If  the  power-factor  is  '124,  then  the  actual  energy  absorbed  by  the  mains  will 
be  31 1488  watts,  and  the  number  of  B.T.  units  consumed  per  year  will  be 
2,728,633,  or  an  annual  output  that  is  exceeded  by  only  a  very  few  electric 
supply  stations  in  this  country.  The  loss  works  out  at  1*5  watts  per  foot  of 
the  cable  with  this  power-facior. 


One  rather  unfortunate  property  of  cables  is  shown  by 
these  tables.  I  refer  to  the  fact  that  as  different  sizes  of  cables, 
made  systematically  to  be  suitable  for  safely  working  at  any 
given  pressure,  have  capacities  which  do  not  lessen  very 
much  with  decrease  of  size,  the  dielectric  loss  of  small 
cables  is  therefore  disproportionately  large.  For  example, 
in  the  five  sizes  given,  the  section  increases  in  the  ratio 
I  to  17,  but  the  capacity  only  as  i  to  2*28. 

The  carrying  power  of  a  cable  is  limited  in  most  cases 
by  drop,  of  volts  rather  than  by  heating  or  loss  of  power 
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Otherwise  this  dielectric  loss  would  very  much  restrict  the 
load  that  could  be  put  on  cables. 

Nevertheless,  this  loss  seriously  aflFects  the  question  of 
raising  the  pressure  for  long  distances  or  large  powers,  at 
least  where  underground  or  covered  conductors  have  to  be 
used.  As  the  copper  loss  is  inversely  as  the  square  of  the 
current,  the  temptsition  is  to  increase  the  pressure  and  re- 
duce the  current.  But  the  dielectric  loss  being  propor- 
tionate to  the  square  of  the  pressure,  and  being  moreover  a 
constant  or  all-day  loss,  whereas  the  copper  loss  is  only 
fully  felt  at  times  of  full  load,  limits  to  increase  of  pressure 
are  imposed  which  may  be  reached  sooner  than  has  been 
supposed. 

This  opens  a  field  for  very  careful  consideration — ^and 
balancing  of  advantages — of  high  and  low  (or  lower) 
pressure.  I  do  not  attempt  to  make  any  comparisons  now. 
Every  case  must  be  examined  on  its  merits  and  due  weight 
given  to  load-factor,  drop,  value  of  power,  plant  capacity, 
and  so  on. 

I  believe  the  general  opinion  has  been  that  the  produc- 
tion of  capacity  current  involved  practically  no  expenditure 
of  energy ;  that  it  was  in  reality  a  wattless  current,  and 
that  the  only  waste — a  sufficiently  considerable  one — was 
in  running  the  alternator  under  light  load.  I  think  nothing 
contrary  to  this  opinion  was  put  forward  before  the  recent 
parliamentary  committees  on  power  bills.  Those  com- 
mittees were  assured,  for  instance,  that  so  far  as  power  was 
concerned,  the  losses  with  underground  cables  were  the 
same  as  with  aerial  lines.  I  fear  this  is  by  no  means  the 
case.  I  do  not  wish  to  adopt  an  alarmist  tone  on  this 
subject,  but  I  think  it  will  be  admitted  that  if  the  tests 
referred  to  above  are  even  only  approximately  correct,  the 
subject  deserves  the  very  serious  consideration  of  electrical 
engineers. 

It  is  probable  that  those  who  have  had  to  do  with  extra 
high-tension  mains,  or  even  with  long  or  extensive  mains 
working  at  moderate  high  pressures,  will  have  noticed,  as  I 
have,  that  when  switching  such  mains  on,  the  engine  has 
been  checked  much  more  than  would  be  consistent  with 
'he  production  of  merely  wattless  current. 

We  may  now  pass  from  the  question  of  the  power-factor 
the  true  power,  to  the  wattless  part  of  our  "  apparent 
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watts."     This  we  see  is  about  87*6  per  cent,  or  7-8ths  of  the 
total. 

It  is  very  desirable  we  should  do  anything  we  can  to 
lessen  the  production  of  "  wattless  current "  by  the  alternator, 
as  the  amperes  are  real  even  if  the  watts  are  not. 

In  producing  "wattless  current"  at  full  pressure  the 
alternator  is  taking  a  good  deal  of  power,  and  is  working 
very  wastefully  as  to  steam  consumption.  It  takes 
practically  as  much  plant  to  produce  the  current  as  if  the 
energy  were  real.  In  fact  it  might  easily  happen  from  the 
known  wastefulness  of  engines  working  at  light  load  and 
from  other  causes  that  the  true  energy  would  cost  less  to 
produce  it  than  the  false  or  wattless  energy.  For  example, 
to  charge  20  miles  of  the  6,000-volt  cable  referred  to  above 
(and  assuming  that  no  means  are  used  to  counteract  the 
capacity)  the  alternator  would  have  to  be  run  at  6,000  volts 
sending  out  i*62i  x  20  =  32*4  amperes  =  194,500  apparent 
watts  or  260  apparent  E.H.P.  This  would  require  a  200  kw. 
alternator  fully  loaded  so  far  as  current  is  concerned,  although 
the  true  energy  would  only  be  194*5  ^  '124  =  24  kw. 

As  there  are  objections  to  running  a  large  alternator  by 
a  small  engine,  a  large  combined  plant  is  often  run  on  a  low 
power-factor  circuit. 

Fortunately  the  difficulty  can  be  avoided  very  simply, 
by  the  application  of  known  principles.  To  some  extent 
this  is  done  now,  but  I  think  it  is  done  accidentally  or  un- 
consciously, or  at  least  without  system. 

In  explaining  how  the  wattless  current  may  be  reduced 
and  the  power-factor  raised  to  unity  or  nearly  so,  I  hope 
those  who  prefer  the  mathematical  treatment  of  such  ques- 
tions will  not  be  impatient  at  my  attempts  to  express  my 
meaning  in  the  vulgar  tongue. 

In  a  conductor  or  circuit  having  capacity  the  charging 
current  has  a  positive  phase  displacement  of  90°  from  the 
E.M.F.,  while  the  current  in  an  inductive  circuit  has  a, 
negative  phase  displacement  of  90°  from  the  E.M,F.  Thus 
there  is  a  difference  of  phase  of  i8o<^  between  these  two 
currents.  This  is  well  known.  Its  systematic  application 
affords  a  solution  of  the  problem  we  are  now  considering. 

Imagine  an  alternator  supplying  a  circuit  having  capacity. 
Then  if  an  inductance  or  choking  coil  is  put  in  parallel  with 
the  capacity,  and  if  it  is  so  designed  and  adjusted  that  it  takes 
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a  wattless  self-induction  current  equal  in  amount  to  the 
wattless  capacity  current  of  the  mains  the  two  will  balance 
one  another,  and  the  generator  will  not  have  to  produce  any 
wattless  current  for  either  the  capacity  or  the  self-induction. 
Each  will  take  its  full  current,  which  will  pass  to  and  fro 
between  the  capacity  and  the  choking  coil,  being  alternately 
a  capacity  or  charging  current  with  a  positive  phase  dis- 
placement and  a  self-induction  current  with  a  negative 
phase  displacement.  The  generator  will  only  have  to  keep 
up  the  E.M.F.  and  to  produce  the  energy  component  of 
the  current  for  the  cable  and  the  energy  component  of  the 
current  for  magnetising  the  choking  coil,  and  for  leakage 
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and  resistance  losses.  As  these  energy  currents  are  in 
phase  with  the  E.M.F.,  the  alternator  will  act  as  if  working 
on  a  circuit  having  neither  capacity  nor  self-induction — that 
is,  a  circuit  having  a  power-factor  of  unity.  This  will  at 
least  be  the  case  if  the  balance  is  perfect. 

By  the  kindness  of  Mr.  Sparks  and  the  County  Company, 
I  have  been  able  to  try  some  experiments  on  the  5^  miles  of 
mains  already  alluded  to.  The  arrangement  is  shown  in 
Fig.  4. 

I  made  a  choking  coil  to  take  6  amperes  at  2,000  volts 
100  f\j..  Particulars  of  this  coil  are  given  later  on.  When 
working  at  2,000  volts  100  psj,  the  alternator  gave  6  amperes 
when  connected  to  the  cable  alone.  The  current  was  also 
6  amperes  when  the  alternator  was  working  on  the  in- 
ductance coil  alone.      When  the  cable  ^nd  the  coil  were 
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put  in  parallel,  with  ammeters '  in  *  circuit  as  sho\Vn,  the 
alternator  produced  1*625  amperes  only,  although  there 
was  still  a  current  of  6  amperes  in  the  cable  and  6  amperes 
in  the  choking  coil. 

There  was  not  a  perfect  balance.  The  true  watts  taken 
by  the  cable  and  the  choker  were  about  2,000,  therefore  the 
alternator  current  should  have  been  only  about  i  ampere,  but 
I  was  not  able  to  get  a  closer  adjustment.  I  must  have  had 
very  nearly  the  best  balance  obtainable,  as  any  adjustment 
of  the  choking  coil,  either  in  the  direction  of  increasing  or 
of  decreasing  its  current,  caused  an  increase  in  the  alternator 
current.  Possibly  the  slightly  imperfect  balance  was  due  to 
a  difference  of  effect  of  a  sine  curve  alternator  on  the 
choker  and  on  the  capacity.'  The  actual  practical  result, 
however,  was  quite  satisfactory,  as  the  choking  coil  effected 
a  saving  on  the  system  of  about  9,000  apparent  watts,  the 
energy  absorbed  by  it  being  about  500  true  watts.  I  need 
not  say  that  the  saving  under  these  circumstances  is  not 
only  "  apparent." 

It  is  not  easy  to  say  what  would  be  a  fair  estimate  of  the 
cost  of  producing  "  wattless  energy  "  I  venture  to  think  it 
is  not  much  less  than  one-fourth  of  the  cost  of  true  energy. 

Whatever  figure  is  taken,  the  desirability  of  economising 
in  such  matters  will  be  realised  when  I  point  out  that  at 
one  penny  per  E.H.P.  —  hour  one  watt  for  one  year  costs 
one  shilling,^  or  say  ;^i  capital. 

DESCRIPTION  OF  CHOKING  COIL. 

This  description  is  not  given  as  that  of  a  very  satisfactory  example 
of  design,  but  to  show  the  coil  used,  and  in  the  hope  that  it  may  be  of 
some  interest  to  designers  of  such  apparatus.  The  main  dimensions  of 
the  coil  used  in  these  tests  are  given  in  Fig.  5.  It  consists  of  a  set  of 
E  stampings,  with  a  coil  wound  about  the  middle  projection.  The 
"  yoke  "  is  straight  and  is  carried  on  supports,  allowing  of  adjustment  of 
the  gap.    Fig.  6  gives  the  currents  with  various  air-gaps. 

The  current  taken  by  the  coil  at  2,000  volts  100  (\j  with  various  air- 
gaps  is  given  by  Fig.  3.  The  form  was  chosen  in  preference  to  the 
simple  straight  coil  form,  as  a  convenient  one  for  adjustment,  and 
because  it  gives  an  external  field  more  suitable  for  enclosing  in  an  iron 
core. 

'  See  paper  in  Journal  XXIX.,  p.  154,  Jan.,  1900,  by  Alexander  Russell, 
according  to  whom  a  sine  curve  wave  gives  a  smaller  condenser  cturent  and 
a  larger  magnetising  current  than  any  of  the  other  wave  shapes  considered 
in  his  piper, 

'  Ocj  more  precisely,  1174  pence. 
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The  cross-section  of  the  core  is  about  29*76  sq.  in.,  or  192  cm.  of 
actual  iron — weight  about  190  lbs. 

The  winding  consists  of  756  turns  of  o'o8  in.  wire,  having  a  total 
length  of  about  2,600  ft.  and  a  resistance  of  about  4'!  ohms. 

At  2,050  volts  100  r\j  ,  N  =  6,081,000,  B  =  3,170. 

The  iron  is  0*014  *"•  thick  of  a  quality  which  would  have  a  loss  in  a 
closed-circuit  transformer  of  about  0*55  watts  per  pound.  The  iron  loss 
should,  therefore,  be  about  190x0*55  ^  104*5  watts,  with  the  yoke  closed 
down.  With  the  yoke  removed  (as  used)  it  should  have  a  loss  of  about 
68  watts  if  the  circuit  completed  itself  through  the  air. 

The  copper  loss  with  6  amperes  =  6*X4*i  =  148  watts.  Total,  216 
watts. 

The  tests,  however,  show  a  loss  of  about  500  watts.  The  difference 
must  be  due  to  eddies  caused  by  magnetic  leakage.  The  stray  power  is 
higher  than  would  be  expected,  but  it  answers  its  purpose  very  well. 

Its  power-factor  is  — =0*041. 

12,500        ^ 

I  know  of  no  published  information  on  the  losses  in  choking  coils, 
and  suggest  it  as  a  useful  subject  for  study.  The  principal  difficulty  is 
in  testing  apparatus  having  such  low  power-factors. 

The  weight  is  about  22  lbs.  per  apparent  K.W. 


I  have  said  that  in  reducing  the  capacity  current 
required  to  be  produced  by  the  generator,  something 
was  effected  in  ordinary  practice,  but  accidentally,  or  at 
least  not  systematically,  by  the  action  of  all  self-induction 
in  the  system — for  example,  that  of  transformers  or  motors. 
In  transformers  the  effective  self-induction  is  very  small. 
The  no-load  current  is  small  in  good  closed-circuit  trans- 
formers, and  the  power-factor  is  high — usually  from  about 
o*7  to  about  0*85.  The  wattless  component  available  is  there- 
fore very  small — at  least,  in  modern  systems  having  large 
and  efl&cient  transformers.  No  doubt  if  the  conditions  of 
a  circuit  are  known  from  the  first,  the  transformers  may  be 
so  designed  as  to  provide  the  capacity  current,  at  least  at 
light  load  ;  but  it  would  be  difl&cult  to  do  this  systematically 
as  the  conditions  in  practice  are  so  variable.  With  a  large 
number  of  small  transformers  it  may  be  that  the  wattless 
capacity  current  may  be  compensated  or  more  than  com- 
pensated. 

I  do  not  think  transformers  of  low  power-factor  should 
be  used.  I  believe  the  better  plan  will  be  to  continue  to 
make  transformers  with  small  no-load  current  and  high 
power-factor,  and  provide  separately  for  any  compensation 
that  may  be  necessary. 
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When  motors  are  used,  their  large,  idle,  lagging  current 
is  available  to  compensate  the  capacity.  Where  there  is  a 
large  motor  load  the  idle  current  will  usually  be  a  lagging 
rather  than  a  leading  current,  even  on  mains  of  considerable 
capacity.  A  synchronous  motor,  as  is  well  known,  acts 
either  as  a  capacity  or  a  self-induction  according  to  the 
excitation.  When  over-excited,  it  acts  as  a  capacity  and 
takes  a  leading  current  from  the  mains  ;  when  under-excited, 
it  acts  as  a  self-induction,  taking  a  lagging  current.  When 
excited  to  take  a  minimum  current  it  has  no  idle  component 
— that  is  to  say,  its  power-factor  is  unity.  Such  motors 
running  light  are  now  often  used  for  balancing  self- 
induction,  but  1  have  never  seen  them  used  for  balancing 
capacity.  In  any  case  they  are  a  rather  expensive  remedy, 
as  they  have  to  be  practically  as  large  as  if  they  were  to  do 
real  instead  of  only  apparent  work.  Their  first  cost,  their 
working  costs,  and  losses  are  therefore  high.  For  balancing 
self-induction  they  may  be  necessary.  1  hope,  however, 
that  for  this  purpose  condensers  will  again  be  taken  up 
by  Mr.  Swinburne,  or  somebody  else.  Probably  their 
hysteresis  loss  will  not  be  as  great  as  the  losses  in  motor 
compensators  nor  their  working  cost  or  first  cost  as  high. 

But  in  any  case,  the  running  of  under-excited  synchronous 
motors  is  an  expensive  and  clumsy  way  of  compensating 
capacity,  compared  with  simple  choking  coils,  such  as  I 
suggest. 

Such  coils,  used  with  a  phase-indicator,  should  be  useful 
in  all  systems  where  the  capacity  current  is  large  enough  to 
deserve  attention.* 

There  is  something  very  disproportionate  and  anomalous 
about  the  two  classes  of  loss  in  the  dielectric — the  insigni- 
ficant losses  due  to  leakage,  and  the  large  apparent  and 
actual  losses  due  to  capacity  and  hysteresis. 

Let  me  take  for  illustration  a  io,ooo-volt  cable  having 
one-third   microfarad  capacity  per  mile,   and   working  at 

'  I  may  mention  that  when  I  appHcd  for  a  patent  for  this  method  my 
attention  was  drawn  by  that  useful  institution,  the  German  Patent  Office,  to 
the  fact  that,  so  far  as  concerned  the  treatment  of  a  long  transmission  line  by 
choking  coils  placed  at  intervals,  I  was  anticipated  by  Charles  Schenck  Bradley, 
the  well-known  American  electncad  engineer  (British  Patent  20493  of  1897). 
Reference  should  also  be  made  to  the  proposals  of  our  president  of  last  year, 
Prof.  S.  P.  Thompson,  to  compensate  the  capacity  of  submarine  and  other 
cables  to  facilitate  signalling  by  placing  high-resistance  choking  coils  at 
frequent  intervals  along  their  length.  See  his  British  patents  22,304  of 
*"'>!  ;  13,064  and  15,217  of  1893  ;  and  13,581  of  1894. 
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50  (\J.  Its  insulation  is,  say,  2,500  megohms  (it  may  be 
only  a  few  megohms  without  affecting  the  argument).  The 
dielectric  has  several  functions.  It  acts  as  a  nearly  perfect 
non-conductor.      But  it  does  conduct  a  little :   it  allows 

ampere  to  pass  through  it,  =  0'04  watt  per  mile. 


250,000 

Then  there  is  the  electrostatic  action.  From  Table  I. 
we  see  the  capacity  current  is  1*05  ampere,  the  apparent 
watts  10,500,  and  the  real  watts  1,296,  or  32,400  times  the 
watts  lost  by  conduction. 

This  is  an  interesting  state  of  things.  Both  dielectric 
conduction  and  dielectric  hysteresis  waste  energy  in  the 
same  way — by  heating  the  dielectric.  We  use  an  insulator 
which  reduces  the  leakage  energy  loss  to  '04  watt  per 
mile,  but  allows  another  energy  loss  32400  times  as  great. 

So  far  as  loss  of  energy  is  concerned  we  should  be  just 
as   well   off — or  as  badly — ^with   an   insulation    resistance 

of  — [ =  9*524   ohms,   instead   of   2,500,000,000.      The 

energy  spent  on  our  dielectric  would  be  just  the  same,  and 
I  suppose  we  should  have  no  wattless  current  at  all  I  I 
point  this  out  to  illustrate  an  anomaly,  not  to  make  a 
practical  suggestion.  It  may  be  that  no  low  resistance 
insulator  can  be  found  capable  of  resisting  breakdown 
under  such  conditions. 

I  have  spoken  of  the  energy  component  of  the  capacity 
current  spent  on  heating  as  if  it  were  in  some  way  different 
from  the  leakage  current.  It  only  differs  from  it  in  amount. 
It  is  not  recovered  like  the  true  charging  current.  It  does 
not  surge  to  and  fro  in  the  cable.  In  all  practical  essentials 
it  is  a  leakage  current.  It  goes  right  through  the  dielectric, 
and  heats  it  in  its  passage  exactly  like  the  leakage  current. 
The  effect  of  capacity  in  allowing  the  passage  of  this  current 
is  precisely  as  if  it  reduced  the  insulation  resistance  in  the 
proportion  I  have  suggested,  viz.,  from  2,500  megohms  to 
9,524  ohms. 

At  least  this  is  how  it  appears  to  me. 

With  aerial  lines  capacity  effects  are  comparatively  un- 
important. For  example,  with  wires  of  J-inch  diameter, 
hung  two  feet  apart,  the  capacity  per  mile  is  only  o'oiS 
microfarad.  Not  only  is  the  wattless  current  therefore 
small,  but  there  is  no  "  wattful "  current. 
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Ax  Alternate-current  Wattmeter. 

Ill  concluding  this  paper  I  wish  to  describe  an  alternate- 
current  wattmeter  especially  suitable  for  measurements  such 
as  are  required  in  connection  with  the  subjects  treated  in 
this  paper.  In  devising  this  instrument  my  aim  was  to  get  a 
simple,  strong,  reliable  wattmeter — one  that  needed  no  resist- 
ance added  in  its  E.M.F.  circuit,  and  that  would  absorb  very 
little  energy  in  that  circuit  even  for  large  E.M.F/s.  In  such 
an  instrument  the  E.M.F.  coil  should  have  a  large  force, 
and  at  the  same  time  be  practically  without  self-induction, 
and  should  be  correct  with  all  power-factors  met  with  in 
practice.  If  possible  it  should  be  correct  through  a  con- 
siderable range  of  periodicity. 

Long  and  satisfactory  experience  of  the  Siemens  dynamo- 
meter under  workshop  conditions  made  me  turn  to  it  as 
the  most  suitable  type  of  instrument,  and  to  try  to  devise 
means  by  which  it  should  have  the  qualities  just  enumerated. 

Fig.  7  shows  the  instrument  in  elevation  and  plan.  Fig.  8 
is  from  a  photograph  of  an  actual  instrument. 

The  Siemens  dynamometer  form  is  closely  followed. 
The  series  or  current  coil  is  placed  in  the  ordinary  position. 
Under  this  coil  is  a  small  transformer,  the  primary  winding 
of  which  is  wound  for  any  required  E.M.F.  Next  to  this 
primary  winding  a  space  is  left  at  each  side — the  sj>ace 
usually  occupied  in  a  transformer  by  the  secondary  winding. 
In  this  space  a  closed  coil  of  one  turn  of  wire  is  suspended 
freely — the  wire  is  platinoid,  manganin,  or  some  other  con- 
ductor having  a  negligible  temperature  co-efficient.  This 
conductor  is  suspended  and  controlled  exactly  like  the 
suspended  coil  of  a  Siemens  dynamometer.  It  acts  as  the 
secondary  of  the  transformer.  As  it  is  closed  on  itself  no 
mercury  cups  are  needed.  Its  circuit  external  to  the  trans- 
former consists  simply  of  a  loop  passing  up  the  front  and 
down  the  back  of  the  fixed  or  current  coil. 

The  action  will  now  be  understood.  A  comparatively 
large  current  of  very  low  pressure  is  generated  in  the 
secondary  coil.  This  current  is  in  opposite  phase  to  the 
E.M.F.  It  passes  through  the  field  of  the  fixed  or  current 
coil.  The  suspended  conductor  is  acted  on  and  deflected 
by  the  current  in  that  coil,  and  is  brought  back  to  zero  by 
the  tension  of  the  spring  as  in  an  ordinary  dynamometer. 
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It  will  be  seen  that  so  long  as  the  iron  of  the  trans- 
former is  not  forced  to  -too  high  a  density  by  using  too 
great  an  E.M.F.  or  too  low  a  periodicity,  the  secondary 
current  will  be  proportional  to  the  E.M.F.  and  independent 
of  the  periodicity.  The  magnetising  component  of  the 
primary  current  and  the  energy  spent  in  the  iron  will  vary 
with  the  E.M.F.  and  periodicity,  but  if  the  self-induction  of 
the  secondary  coil  is  sufl&ciently  low  this  will  not  aflFect  the 
proportionality  of  the  secondary  current  to  the  primary 
E.M.F. 

The  instrument  shown  on  the  table  is  the  first  1 
have  had  made.  It  has  been  kindly  constructed  to  my 
drawings  by  Messrs.  Siemens.  By  tests  made  at  the  Board 
of  Trade  Electrical  Laboratory  (in  connection  with  which 
I  have  to  thank  Mr.  Trotter  and  Mr.  Rennie),  I  find  my 
anticipations  have  been  verified — the  instrument  has  the 
same  constant  with  power-factors  of  i  and  of  o*i,  and  it  is 
proportional  all  round  the  scale. 

This  kind  of  instrument  may  easily  be  made  for  a  large 
range  both  of  E.M.F.  and  current,  as  the  primary  of  the 
transformer  as  well  as  the  current  coils  may  be  variously 
wound  or  connected — the  suspended  secondary  conductor 
being  always  the  same. 

In  the  instrument  exhibited  the  current  coils  are  three  in 
number,  of  varying  section — the  transformer  primary  being 
suitable  for  any  E.M.F.  up  to  500  volts  at  100  c\J.  The 
range  is  as  follows  : 


Fin«  coil,  for  maximum  of  about    25  amp.,  constant  125  watts  per  diviskm. 
Medium    „  „  „        15        „  „        68       „        „ 

Thick        „  „  „        90        „  „        37        „ 


This  is  at  83  f\J.    There  are  400  divisions  in  the  circle. 

I  have  not  succeeded,  in  this  first  attempt,  in  making  the 
instrument  independent  of  periodicity.  The  variation  is 
about  10  per  cent,  between  30  (\J  and  90  C\J.  In  using 
the  instrument  it  is  therefore  necessary  to  know  the 
periodicity.  I  hope  to  greatly  reduce  this  variation,  or 
perhaps  get  rid  of  it  altogether  through  a  sufficient  range 
for  practical  purposes.  Even  as  it  is,  it  will  perhaps  not  be 
considered  a  very  serious  objection. 

The  principle  of  this  instrument  may  be  readily  applied 
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to  other  forms,  but  it  would  be  premature  to  describe  them 
here.^ 

In  this  paper  I  have  not  attempted  to  treat  of  several 
aspects  of  "Capacity  in  Alternate  Current  Working" — 
matters  perhaps  as  important  as  those  I  have  tried  to  make 
clear.  1  have  avoided  comparisons  between  different  kinds 
of  cables.  I  have  considered  single-phase  only,  not  two-  or 
three-phase.  I  have  said  nothing  of  effects  of  capacity  on 
regulation,  on  distribution  of  potential  along  lines,  on 
liability  to  rupture  of  insulation  due  to  capacity,  or  on 
means  for  reducing  such  liability.  In  keeping  to  one 
aspect  of  the  subject,  I  have  hoped  to  be  of  most  use  to  my 
fellow  Electrical  Engineers. 

I  have  to  express  my  thanks,  for  information  or  facilities 
afforded  me,  to  Mr.  Gray  and. the  Silvertown  Company,  to 
Mr.  Edmunds  and  Mr.  Howard  of  Messrs.  Glover  &  Co.,  to 
Mr.  Nisbett  and  the  British  Insulated!  Wire  Company,  and 
to  Mr.  Gavey  (Chief  Engineer  of  the  Post  Office).  Also  to 
Mr.  Dallas  and  Mr.  Grafton,  respectively  of  the  Silvertown 
and  the  County  Companies,  for  assistance  in  experiments. 
I  have  already  mentioned  my  indebtedness  to  Mr.  Sparks 
and  the  County  of  London  and  Brush  Provincial  Company. 

Professor  W.  E.  Ayrton  ;  The  first  two  or  three  pages  of  Mr.  Profe«wr 
Mordey's  paper,  he  tells  us,  are  given  in  order  to  impress  upon  central  ^**"* 
station  engineers  that  they  have  in  their  possession  a  very  easy  means 
of  measuring  the  capacities  of  their  cables,  and  I  presume  by  that  he 
implies  that  they  do  not  use  these  means.  If  that  be  the  case,  then 
who  is  to  blame  ?  Is  it  because  the  method  has  not  been  put  before 
them  ?  or  is  it  because,  after  the  method  has  been  put  before  them,  they 
have  neglected  it  ?  The  matter  of  measuring  the  capacity  of  real  cables 
in  this  way  was  brought  prominently  before  me  a  good  many  years  ago. 
It  was  brought  to  my  notice  in  thejueryT)eginning  of  the  Deptford 
Generating  Station  when,  as  you  know,  power  began  to  be  transmitted 
from  Deptford  to  the  Grosvenor  Gallery,  through  six  underground  cables 
each  some  six  miles  in  length.  I  was  very  often  at  that  time  in  Deptford 
with  Mr.  Ferranti,  and  one  day  Mr.  Ferranti  put  to  me  this  question  : 
he  said,  "  Can  you  explain  this  to  me,  because  to  me "  (that  is,  to  Mr. 
Ferranti)  "it  is  very  curious.  I  find  that  during  the  daytime,  when 
there  is  practically  no  load  on  in  the  Grosvenor  Gallery,  the  ammeter 
reads  a  fairly  large  value,  and  when  the  load  comes  on  in  the  evening, 
the  ammeter  reading  does  not  go  up  very  much.  What  does  it  mean  ? " 

'  I  should  mention  that  some  years  ago  Mr.  Swinburne  proposed  or  made 
an  instrument  in  which  he  pivoted  a  closed-circuit  conductor — this  had  a 
current  induced  in  it,  and  was  deflected  by  the  flux  in  an  air-gap  in  which 
it  hung. 
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mentioned."   It  is  interesting  to  notice  that,  as  a  matter  of  fact,  this  ratio   ?JJ{*^'^ 
A\'as  exactly  the  best  result  that  Mr.  Mordey  could  obtain  with  his  com-  " 

bination  described  in  his  paper  of  to-night,  i.e.,  ten  years  later. 

The  abstract  in  the  Eleclrician  goes  on  to  say  :  ''  Theoretically  this 
ratio  might  be  anything,  depending  as  it  does  on  the  phases  of  the 
pressures  in  the  two  parts,  and  these  phases  are  determined  by  the  ratio 
of  the  impedance  of  the  coil  to  its  resistance ;  practically,  however,  it 
was  not  easy  to  get  a  coil  of  large  self-induction  and  very  small  resist- 
ance." 

This  last  remark  is  interesting  in  showing  that  Dr.  Sumpner  and  I 
were  occupied  at  that  time  not  in  applying  a  condenser  to  a  self-induction, 
but  in  carrying  out  exactly  the  experiment  described  by  Mr.  Mordey  in 
his  paper  of  to-night,  viz.,  that  of  applying  a  self-induction  to  a  capacity 
for  the  purpose  of  reducing  the  capacity-current  that  would  otherwise 
flow  in  the  leads  bringing  the  current  to  the  condenser. 

But  now,  if  we  take  Mr.  Mordey's  own  experiment,  I  say  that  by 
dealing  with  the  principles  given  in  that  1891  paper  of  ours,  without 
going  a  step  further — and  that  is  the  best  proof  of  what  was  in  that 
paper — I  can  enormously  improve  his  result. 
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For  if  F  be  the  capacity  of  a  condenser,  or  cable,  in  farads,  ^  be  27r 
time^  the  frequency  of  an  alternator  sending  current  into  the  cable,  V  be 
the  R.M.S.  value  of  the  sine  wave  of  P.D.  produced  by  an  alternator,  and 
o  the  resistance,  in  ohms  of  an  inductive  resistance  placed  as  a  shunt  to 
the  condenser,  then  the  current  in  the  alternator  circuit  will  be  a 
minimum  and  equal  to 

VF(7 

when  /if,  the  self-induction  of  the  inductive  shunt,  has  a  value 


I  4-  V  1  H-4i^T^' 
2¥p' 


henry. 


Now,  in  Mr.  Mordey's  case  this  best  value  of  h  becomes  0*53  henry, 
and  with  a  shunt  to  his  cable,  made  without  any  iron  and  having  this 
self-induction  and  a  resistance  of  four  ohms  (the  resistance  of  his 
choker),  the  alternator  current  will  be  found  to  reduce  itself  to  as  little 
as  0*075  ampere,  if  V  be  2,000  volts,  the  frequency  100  fNJ,  and  the 
current  due  to  dielectric  hysteresis  is  inappreciable. 
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AyrtoT*  ^^'  ^^^^  ought  to  have  used  no  iron  at  all  in  his  choker,  and 

what  I  propose  to  do  is  to  supply  Mr.  Mordey  with  an  inductive  coil 
properly  constructed  for  his  case,  and  he  will  find  that,  with  sine  waves, 
the  alternator-current  will  be  much  less  than  i '6  amperes,  and  the  power 
wasted  in  my  coil  much  less  than  the  500  watts  which  was  expended  in 
his  choker. 

Mr.  Mordey  will  say,  But  how  is  it  possible  with  any  coil  of  any 
shape  whatever  to  reduce  the  current  to  anything  Uke  that  when  you 
have  this  dielectric  hysteresis  loss  ?  That  brings  me  to  really  the  most 
important  part  of  his  paper,  that  is  to  say,  the  loss  in  the  cable.  I 
should  very  much  like  to  ask  Mr.  Mordey  whether  he  has  sufficiently 
tested  cither  the  cable  or  what  he  calls  the  "  Thomson  recording  watt- 
meter " — for  him  to  feel  at  all  sure  that,  with  the  low  power-factor  he  is 
dealing  with,  the  instrument  indicated  correctly.  Mr.  Mordey  very 
rightly  said  that  he  did  not  use  an  ordinary  wattmeter,  because  with 
such  a  low  power-factor  it  was  very  difficult  to  get  accurate  results ; 
but  he  seems  to  forget  that  the  error  in  the  Thomson  watt-hour  meter, 
as  it  ought  to  be  called,  or  energy  meter,  is  even  much  larger.  If 
he  will  refer  to  a  paper  in  the  Electrical  Engineer  of  March  24,  1893, 
he  will  see  the  question  of  the  Elihu  Thomson's  watt-hour  meter  dealt 
with.  The  error  in  the  watt-hour  meter — and  how  it  can  be  calculated 
— is  discussed  ;  and  then  experiments  are  given  showing  that  the  actual 
errors  when  the  instrument  is  employed  on  an  inductive  circuit  is  as  is 
given  by  the  formula  quoted.  Now,  if  you  will  take  that  formula— 
which  is  the  formula  I  worked  out  years  ago,  for  a  wattmeter — and 
apply  it  for  such  a  low  power-factor,  you  will  find,  unless  I  am  very 
much  mistaken,  that  the  power  indicated  by  an  energy  meter  may  be 
considerably  larger  than  the  true  power. 

I  feel  certain,  therefore,  that  the  explanation  of  Mr.  Mordey's  high 
power-factor  is  either  that  his  energy  meter — for  the  reasons  stated  in 
this  paper  in  the  Electrical  Engineer  of  March,  1893 — ^gave  an  answer 
which  is  much  higher  than  the  truth,  or  the  cable  that  Mr.  Mordey  used 
was  an  exceptionably  bad  cable. 

The  matter  is  of  enormous  importance.  We  are  not  dealing  with 
any  question  of  priority,  or  whether  central  station  engineers  have  or 
have  not  studied  what  has  been  written ;  but  we  have  to  consider  thi>— 
What  is  the  true  loss  in  a  cable  ?  I  mean  the  loss  due  to  this  so-calfed 
dielectric  hysteresis.  One  reason  why  I  am  inclined  to  think  that  it  t> 
far  less  than  Mr.  Mordey  imagines  is  that  in  all  previous  measarementr 
which  have  been  made  by  myself,  by  Major  Cardew,  and  others,  the 
power-factor  has  come  out  far  smaller  than  the  value  Mr.  Mordey  ^re- 
new, the  power-factor  meaning  the  ratio  of  the  true  power  wasted  in 
dielectric  hysteresis  to  the  apparent  power  given  to  the  cable.  In  tb^ 
case  of  Mr.  Swinburne's  own  condensers  we  found  that  it  was  soasc- 
thing  of  the  order  o*oi.  In  the  experiments  made  by  Major  Cardev 
which  appeared  in  the  Institution's  Joiumal  in  1893.  the  values  nry  a 
different  experiments  from  about  o  watts  loss  to  4*8  watts  loss.  If  1 
take  his  highest  X'alue,  his  power-factor  is  0*063  ;  if  you  take  his 
value,  it  is  nought ;  and  taking  the  mean  we  see  that  he  was  deiStn^ 
with  a  power-factor  under  0*03. 
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If,  again,  you  refer  to  experiments  which  have  been  made  by  Professor 
Lombardi  on  this  very  subject  of  the  hysteresis  loss  of  various  ^5^**°- 
dielectrics,  you  will  find  that  viscous  substances  like  paraffin  wax 
appear  to  have  a  power-factor  of  about  o'o88,  and  gutta  percha  0*042. 
Lombardi's  results  are  very  interesting,  because  for  petroleum  he  got 
0*014,  and  for  condensers  which  have  petroleum  smeared  on  them  or 
poured  on  them  we  found  years  ago,  in  1894,  I  think,  the  power- 
factor  was  about  0*01.  The  result  seems  to  be  this  :  that,  if  the  cable 
which  Mr.  Mordey  tested  has  really  a  power-factor  of  0*124 — that  is 
to  say,  if  one-eighth  of  the  whole  of  the  power  given  to  the  cable 
is  really  wasted — then  the  cable  is  made  most  unnecessarily  bad, 
because  if  you  make  the  cable  with  any  of  the  other  materials  referred 
to  above,  you  ought  to  get  a  power-factor  very  much  smaller.  It  is  a 
matter  obviously  that  can  be  very  carefully  tested,  and  it  is  a  matter 
which  I  thoroughly  agree  with  him  ought  to  be  tested  if  there  is  really 
any  doubt  about  the  matter,  because  it  is  of  vital  importance  in  con- 
nection with  these  power  transmissions  through  long  lengths  of  under- 
ground cables.  In  order  to  test  it,  I  would  ask  Mr.  Mordey  if  he  would 
be  good  enough  to  allow  me  to  find  out  the  exact  nature  of  the  error — 
whether  the  instrument  used  was  an  ordinary  wattmeter  or  an  in- 
tegrating wattmeter  —  which  led  it  to  give  this  extraordinarily  high 
power-factor. 

The  President  :   Mr.   Mordey  asks   me  to  allow  him  to  make  The 
some  reply  to  Professor  Ayrton's  remarks,  without  waiting  until  the 
next  meeting. 

Mr.  W.  Mordey  :  I  wish  to  say  before  the  meeting  closes  that  I  Mr.  Mordey. 
have  every  reason  to  believe  the  power-factor  was  properly  determined. 
The  wattmeter  was  calibrated  in  the  well-equipped  laboratory  of  the 
Westinghouse  Company,  especially  with  a  view  to  finding  out  it^ 
constant  with  low  power-factors.  I  accepted  the  readings  of  the 
instrument.  If  I  had  not  felt  that  the  fact  of  a  considerable  loss  of 
power  in  mains  was  confirmed  indirectly  and  broadly  by  general 
observations  in  central  stations,  I  should  not  have  said  anything  about 
the  power-factor  at  all.  I  have  not  any  doubt  whatever  that  there  is 
a  considerable  loss  of  power  in  the  insulating  materials  of  cables.  If 
this  is  the  case,  you  will  agree  with  me  that  it  is  sufficientiy  important 
to  merit  attention.  I  do  not  want  you  to  go  away  and  think  that  I  have 
put  forward  a  figure  of  that  sort,  a  figure  that  is  very  important  indeed 
in  practical  engineering  works,  without  having  a  reasonable  belief  that 
it  was  based  on  accurate  facts.  However,  the  instrument  can  easily 
be  calibrated  or  further  tests  taken,  and  I  will,  before  the  end  of  the 
discussion,  see  if  I  can  give  further  information. 

On  the  motion  of  the  President,  a  hearty  vote  of  thanks  was  passed 
to  Mr.  Mordey  for  his  paper. 

The  President  announced  that  the  scrutineers  reported  the  following 
candidates  to  have  been  duly  elected  : — 

Members : 

Sir    John    Wolfe    Barry,    K.C.B.,         Bertram  Sands  Giles. 
F.R.S.  I      Sidney  Howe  Short, 
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Associate  Members 


Alan  Neville  Banister. 
John  W.  Black. 
Watson  Blagburn  Carrick. 
George  Alexander  Clark. 
James  Herbert  Clothier. 
John  Wylie  Donaldson. 
Christopher  Elliott. 
Alexander  Gerrard. 
Arthur  Hewitt  Gilling. 
A.  J.  Harris. 
John  McNab  Hunter. 
William  Livingston  King. 


Edgar  John  Kipps. 

William  McAulay. 

Peter  Alexander  NfcKillop. 

William  Nairn. 

Walter  Reilly. 

Thomas  Roles. 

John  Francis  Stanley  Scott. 

John  Severs. 

Thomas  William  Sheffield. 

Christopher  J.  Spencer. 

James  Ross  Stevenson. 

Charles  Granville  Vines. 


Associates : 


Harry  Allcock. 

Alan  Arthur. 

Joseph  Bein. 

George  C.  Blair. 

Alec  David  Chalmers. 

Ardesir    Bomanjec    Darookhana- 

walla. 
Edwin  Henry  Dixon. 
Paul  Goldschmidt. 
Edmund  Goolding. 
Thomas  Stephen  Hepworth. 
William  Hodgkinson. 
James  Lowson. 
William  Maclay. 
William  Mayer. 


Edw'ffi  Morgan. 

Henry  James  Moysey. 

Gerald  Mushet. 

Felix  Bernard  O'Hanlon. 

Franke  Herbert  Parker. 

Frederick  George  Thomas  Parson^ 

William  Richards. 

Frederick  William  Richardson, 

Alfred  James  Ryan. 

Valentine  Aloysius  Ryan. 

Edward  Ashmore  Thompson. 

George  Hamilton  Thomson. 

Fiennes  Olive  Trotman. 

Charles  Alfred  West. 


Students  : 


John  Cruickshank  Anderson. 
John  Alexander  Armstrong. 
Raymond  Dorrington  Bangay. 
Arthur  Wynne  Barnley. 
Frank  Norton  Bell. 
Charies  Henry  Day. 
Hugh  William  Geare. 
Alexander  Walter  Harrold. 
Horace  William  Holt. 
John  William  Law. 
William  Marden. 
William  Robinson  Myers. 
Lionel  George  Nunes. 
Frank  Oldrieve. 


Hubert  Beaumont  Shepheard. 

Alfred  Symth. 

Vincent  Dare  Sorby. 

Henry  D.  Stepanian. 

Claude  Stert. 

Joseph  P.  Tierney. 

Werner  Anton  Trier. 

Frederick  Wardrobe. 

Hildred  Edward  W>bb  Bowen. 

Richard  Hubbard  Welch. 

Cecil  Tom  Wilkinson. 

John  Michael  Faraday  Wilson. 

Horatio  Peter  Stanley  Wise. 

Joseph  Julius  Wolff. 
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The  Three  Hundred  and  Fifty-seventh  Ordinary  General 
Meeting  of  the  Institution  was  held  at  the  Institution 
of  Civil  Engineers,  25,  Great  George  Street,  West- 
minster, on  Thursday  evening,  February  14th,  1901, 
— Professor  John  Perry,  F.R.S.,  President,  in  the 
Chair, 

The  minutes  of  the  Ordinary  General  Meeting  held  on 
January  loth,  1901,  were  read  and  approved. 

The  President  :  I  took  it  upon  myself  to  postpone  the 
last  Ordinary  General  Meeting  which  had  been  announced 
for  January  24th.  It  was,  I  think,  on  Tuesday  night  that 
I  felt  that  Queen  Victoria  being  then  very  seriously  ill  it 
would  be  right  to  postpone  the  meeting.  There  was  no 
time  to  call  a  Council  meeting  nor  to  send  out  postcards, 
but  notices  were  sent  to  the  daily  papers  and  to  those 
electrical  journals  that  were  likely  to  be  published  in  time. 
At  a  Special  Meeting  of  the  Council  of  the  Institution  of 
Electrical  Engineers  held  on  the  7th  February,  the  following 
resolution  was  carried  unanimously  : — 

"That  the  Council  of  the  Institution  of  Electrical  Engineers,  in 
Special  Meeting  assembled,  hereby  records  its  deep  sense  of  the 
irreparable  loss  which  the  British  Empire  has  sustained  through  the 
lamentable  death  of  Her  Majesty  Queen  Victoria,  and  its  sorrow,  in 
which  each  member  shares,  that  one,  who  spent  Her  life  for  the  good 
of  Her  people,  and  to  whom  Her  subjects  were  affectionately  devoted, 
has  been  removed  from  the  scene  of  Her  unremitting  labours,  and  that 
a  reign  marked  by  unparalleled  social,  scientific,  and  industrial  progress 
has  thus  been  brought  to  a  close. 

"  The  Council  humbly  begs  permission  to  express  to  His  Majesty 
King  Edward,  and  to  the  members  of  the  Royal  Family,  its  most  sincere 
condolence  and  sympathy,  and  further  to  lay  before  His  Majesty  the 
assurance  of  its  unswerving  loyalty  and  devotion,  and  its  earnest 
wishes  that  He  may,  with  Her  Majesty  Queen  Alexandra,  long  be 
spared  to  reign  in  happiness  and  peace  over  a  loving  and  united 
people. 

"  It  therefore  directs  that  a  sealed  copy  of  this  Resolution,  with 
copies  of  Resolutions  of  Condolence  passed  by  Local  Sections  of  the 
Institution,  be  forwarded  to  the  Home  Secretary  for  transmission  to 
His  Majesty." 

I  may  say  that  copies  of  resolutions  have  been  received 
vou  XXX.  26 


••-*  *  *' --  tn:":^!.:  -    i^^.j'Diin.    iLia^-Tr. 


•    •.*.-•       ■*_■•*  ■ "  • '"        •    i  »*  •" 


,  *' 


'    .t    '  1.    ^'>»•.,;J   Ai^':.r.4  Ki    tit*   '-immniifg  m  '?tfit;i.'r  at  the 
''♦   >  /•      M^A    xV./ii  1     ;/     i:t-.   ^i>:iiuiu;ji    ir    ZIiicrr-uaL  Eii^^eers. 

^ *  .j'  ..      t     ii*^7y   **r.-yt  u    tie  ii^jy    .ULixanuft   rn  'Jijc  ^jc2Xh  of 

.,  .    /a,.   */.;*,'-. .'^  ij\i*'"^:\   ],'u*--n  ~  iji  ru.  v^l:^:^  j;m£  iiii  c^aefi ceot 

"'       r  '  «♦    4*'    '•/.■»^'.  u\f*    'J    v.fitiitti'iiid  ani  jiT-i^'^r  cx  5<nt  to  His 
u  ..  '^.  »,*.v.*    */4^.  .1  ;  <     i  /^ivu-i-  -VT-i  vji   ti:pt  Ii-a;  He  may  long 

^^  ff  rt-.,  #./.  ^;f>#^.  •>,;'«t?  V",^.o?.  ./  the  Institution  of  Electrical 
^  ^.,/-^,*  ^  f  >^  .  ,M  «//  r*  /  //?/J  1,%*:  /Je^rf.  jJrKrf  with  which  we  have  received 
//f*   tf^-  •*    >/^  M**-  /1<  4M<  '/^  //';/  liitc  l^;iovcd  Sovereign  Queen  Victoria/' 

I   Im-^  how  (o   move  that  the  Council  Resolution  be 

Mm*  h  mImIimii  wan  then  carried  unanimously,  the 
MihhIhivi  il^ltiy  III  thrii   pl.uvs  in  silence. 

I  lu  M'Utu  1  »»l  luw  iMnclidatcs  for  election  into  the 
l\^*Uh*H\M\  \\u*.  .MM\«mui'ril»  and   it  w;us  ordered  that  they 
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The  following  transfers  -were  announced  as  having  been 
approved  by  the  Council : — 

From    the    class    of    Associate    Members    to    that    of 
Members — 

John  Reid  Dick.  |         James  T.  Rossiter. 

From  the  class  of  Associates  to  that  of  Members — 

Frank  Broadbent.  Henry  Herbert  Reynolds. 

Alfred  Cecil  Eborall. 

From   the   class    of    Associates    to    that    of    Associate 
Members — 


Trevor  Duesbury. 
William  Jones. 
C.  McCarthy-Jones. 
Percy  Sewell  Sheardown. 


Sydney  Cummins  Smith. 
William  Paul  Stcinthal. 
Edwin  A.  Uttley. 


From  the  class  of  Students  to  that  of  Associates- 


Arthur  Daniel  Crowther. 
Charles  Jones  Lockyer. 
C.  Macmillan. 
Christopher  Oscar  Milton. 
Charles  N.  Nettley. 


Kenneth  Charles  H.  Newman. 
Arthur  Woolmore  Wigram. 
Herbert  T.  Wilkinson. 
Harold  Henderson  Williams. 
Walter  Trevelyan  Wright. 


Messrs.  J.  M.  Elliott  and  E.  J.  Howard  were  appointed 
scrutineers  of  the  ballot  for  the  election  of  new  members. 

Donations  to  the  Library  and  Building  and  Benevolent 
Funds  were  announced  as  having  been  received  since  the 
last  meeting : — To  the  Library  from  Messrs.  Blackie  and 
Sons,  Messrs.  Carre  and  Naud,  the  Radcliffe  Library,  Sir 
C.  Todd  (Member),  and  Mr.  A.  J.  S.  Adams  (Associate). 
To  the  Building  Fund  from  Messrs.  R.  J.  Fuller,  H.  R. 
Carson,  H.  Lewenz,  S.  C.  Smith,  H.  M.  K0II6,  J.  H. 
Rosenthal,  C.  F.  Farlow,  S.  L.  Brunton,  F.  Langley,  H.  G. 
Andrews,  J.  L.  Vogel,  Lionel  Wood,  H.  Kilgour,  J.  R. 
Penning,  Mark  Robinson,  Kenelm  Edgecumbe,  Henry  Lea, 
Colonel  E.  D.  Malcolm,  Lord  Kelvin,  A.  G.  Hansard,  H.  G. 
Thomson,  A.  Stroh,  J.  Maclean,  Norman  Endacott,  Robert 
Hammond,  H.  J.  Garnett,  J.  R.  Bedford,  R.  O.  Ritchie, 
H.  C.  Chamen,  M.  M.  Gillespie,  A.  P.  McDouall,  A.  D. 
Constable,  F.  H.  Goodall,  W.  McGeoch,  H.  G.  Beeton  ; 
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practice,  and  apparently  even  slight  departures  from  the  sine  form  Mr.  Mordey. 
cause  considerable  difference  in  the  current.  There  was  not  one  word 
of  warning  given  us  by  Professor  Ayr  ton  last  week  as  to  the  enormous 
correction  that  might  have  to  be  applied  in  the  use  of  this  formula  that 
he  informed  us  he  had  been  using  for  so  many  years.  I  know  the  cor- 
rection is  involved  in  the  mathematical  expression,  but  it  is  not  suf- 
ficient to  use  a  formula  to  entitle  you  to  claim  that  you  know  all  that 
is  involved  in  that  formula.  This  introduces  a  new  definition  of  power- 
factor.  If  the  current  varies  two  or  three  times  for  a  given  voltage,  the 
power-factor  may  vary  in  the  same  proportion,  although  the  energy  may 
be  the  same.  It  is  very  important  that  I  should  point  that  out.  I  ask 
those  who  may  do  me  the  honour  of  taking  part  in  this  discussion,  if 
they  refer  to  any  results  they  have  obtained,  to  state  whether  the  power- 
factor  they  obtained  is  based  on  the  ratio  of  the  true  watts  to  the 
volt-amperes,  or  is  based  on  the  calculated  apparent  watts  with  a  sine 
function  machine. 

There  are  other  points  that  I  should  like  to  refer  to,  particularly  as 
I  gave  a  pledge  at  the  end  of  the  last  meeting  that  I  would  try  to  give 
some  further  information  on  the  point  as  it  was  left  then,  but  as  you, 
sir,  evidently  prefer  that  I  should  not  do  it  now,  I  can  only  ask  to  be 
allowed  to  do  it  at  a  later  time.  I  think  perhaps  it  might  put  the 
matter  on  a  little  more  satisfactory  basis  if  I  referred  to  it  now. 

Mr.  C.  P.  Sparks  :  Mr.  Mordey  in  a  commencing  paragraph  of  his  Mr.  Sparks, 
paper    refers  to  the  capacity  of    cables  as  a  serious   drawback  to 
alternating  current  working.    It  is  true  that  it  is  a  disadvantage  at 
times  of  very  light  load,  but  this  can  be  largely  neutralised  by  energising 
a  minimum  number  of  cables. 

In  most  E.H.P.  stations  there  are  two  or  more  feeders  leading  to 
every  distributing  station,  one  of  which  can  be  used  at  times  of  light 
load,  and  extra  mains  can  be  connected  with  the  rising  load,  thus 
reducing  any  inconvenience  due  to  the  leading  capacity  current  to  one- 
half  or  one-third,  as  the  case  may  be.  As  most  of  the  apparatus  con- 
nected to  the  system,  with  the  exception  of  the  incandescent  lamps,  is 
of  an  inductive  character,  the  capacity  of  the  cables  becomes  a  posi- 
tive advantage  and  improves  the  load  factor.  The  capacity  and  die- 
lectric hysteresis  of  the  cable  vary  with  the  character  of  the  dielectric 
and  the  form  of  wave  curve  given  by  the  alternator.  The  instance 
given  by  Mr.  Mordey  is  for  a  rubber  dielectric  in  which  the  capacity 
and  power-factor  are  abnormally  high.  Had  a  paper  dielectric  been 
used  in  place  of  rubber,  any  inconvenience  from  capacity  would  have 
decreased  to  one-third  for  every  mile  of  cable  in  circuit.  Since  the 
date  when  these  cables  were  set  to  work,  "  paper  "  has  almost  entirely 
replaced  rubber  as  a  dielectric  for  such  purposes.  This  is  not  only  due 
to  its  lower  capacity,  but  also  to  its  very  much  lower  price  and  greater 
durability. 

In  a  later  paragraph  of  his  paper,  Mr.  Mordey  alludes  to  the  low 
efficiency  of  a  large  alternator  running  to  supply  the  capacity  current  ; 
or  rather  the  large  steam  consumption  of  such  a  set  on  light  load.  Up 
to  DOW,  with  the  limited  number  of  E.H.P.  stations  in  England,  the  length 
of  cables  has  in  no  case  been  such  as  to  make  the  capacity  current 
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of  comparison  being  a  Kelvin  Electrometer  Wattmeter  specially  Mr.  spark*, 
arranged  for  alternating  current-power  testing  under  the  supervision 
of  the  late  Dr.  John  Hopkinson.  In  testing  instruments  against  this 
standard  it  is  found  that  a  particular  instrument  can  be  adjusted  to 
read  true  watts  at  a  periodicity  of  loo  working  on  a  non-inductive 
circuit,  the  pressure  being  supplied  by  an  alternator  giving  a  sine  curve. 
The  same  instrument  records  energy  within  one  per  cent,  when 
connected  on  a  non-inductive  circuit  of  fifty  periods  ;  thus,  under  these 
conditions,  there  is  no  periodicity  error.  On  connecting  the  pressure 
coil  of  the  instrument  to  an  independent  circuit,  displaced  90  per  cent, 
cos  f  thus  equalling  nothing,  the  instrument  no  longer  revolves  although 
the  full-load  current  is  passing  through  the  series  coil.  The  same 
instrument  calibrated  with  cos  ^  =  'i  '2  and  '3  records  the  true  watts 
within  3  per  cent.,  at  these  phase  differences  the  instrument  giving 
identical  readings  whether  supplied  with  a  leading  or  a  lagging  current, 
(the  direction  of  rotation  reversing  each  time).  These  instruments  have 
been  used  to  check  transformer  core  losses,  and  have  been  found  to 
agree  with  the  figures  observed  by  other  methods  of  measurement 
(power-factor  here  7  to  '8). 

I  was  not  able  to  be  present  at  the  last  meeting  of  the  Society,  when 
Mr.  Mordey's  paper  was  read,  but  understand  that  Professor  A5rrton 
severely  criticised  the  figures  given  by  Mr.  Mordey.  I,  therefore,  took 
an  opportunity  of  reading  Professor  Ayrton's  remarks,  from  shorthand 
writer's  notes,  from  which  I  understand  that  he  took  exception  to  the  loss 
of  energy  given,  and  predicted  that,  if  tests  were  carefully  made,  the 
loss  of  energy  would  be  found  to  be  about  one-tenth  of  the  figure 
given.  Under  these  circumstances,  I  thought  it  advisable  to 
supplement  the  figures  previously  obtained  by  some  other  system  of 
measurement,  having  in  view  that  a  possible  error  might  have  arisen  in 
the  energy  meter  used  through  the  fact  of  it  having  been  standardised 
on  a  machine  giving  a  sine  curve,  and  also  in  view  of  the  fact  that  the 
same  instrument  had  not  been  calibrated  at  two  different  periodicities 
at  a  low  power-factor,  although  separate  determinations  were  correct. 

The  method  chosen  was  measuring  the  difference  of  power  required 
to  drive  a  generator  driven  by  a  direct-current  motor.  This  set 
consisted  as  follows  : — 

(a)  A  two-phase  50-period  machine  having  a  capacity  of  50  k.w. 
per  phase. 

(b)  A  single  phase  loo-period  machine  having  a  capacity  of  100  k.w. 

(c)  The  direct-current  machine  generally  used  for  exciting  the  two 
alternators,  and  alternatively  for  starting  them.  The  machine  was 
constructed  for  carrying  a  large  over-load  for  a  short  period  for  this 
purpose.  The  capacity  of  the  direct-current  machine  was  60  volts  by 
125  amperes  by  7*5  k.w. 

On  commencing  this  system  of  measurement,  the  first  difficulty  met 
was  finding  the  current  largely  in  excess  of  that  given  by  the  well- 
known  formulae — 
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periodicity  recorder,  and  the  wave  form  examined  through  Mr.  Duddell's   Mr  Sparkt. 
Oscillograph.    The  energy  measured  by  wattmeter  in  both  cable  and 
choker  was  798  watts  ;  deducting  from  this  the  C'R  losses  in  the  choker, 
we  get  503  watts. 

A  test  was  then  made  with  the  choker  in  series  with  the  cable, 
when  the  energy  was  found  to  be  763  watts ;  deducting  C'R  losses  in 
the  choker  of  281,  the  energy  taken  by  the  cable  was  482  watts. 

The  current  flowing  into  the  cable  is  approximately  that  given  by 
the  formulae  for  a  sine  curve,  and  this  was  further  checked  by  the  curve 
being  examined  on  the  oscillograph.  The  power-factor  in  each  of 
these  cases  was  '034,  and  the  power  lost  per  mile  of  cable  at  100  periods 
2,225  volts  being  96  watts. 

These  cables  have  been  constructed  for  an  ultimate  working 
pressure  of  6,000  to  6,600  volts  at  50  periods,  and  on  the  assumption  that* 
the  power-factor  remains  the  same  when  the  pressure  is  raised  from 
2,000  volts  to  this  amount,  the  loss  of  energy  will  increase,  taking  the 
lowest  power-factor  found,  namely,  "034,  from  q6  watts,  as  it  is  at 
present,  to  335  per  mile. 

Taking  0*034,  *^^  power-factor  found  for  this  I.R.  dielectric,  and 
applying  it  to  a  practical  instance  we  find  : — ^That  if  four  such  cables, 
^vorking  at  6,000  volts  and  50  periods,  connect  a  distributing  centre 
with  the  generating  station,  distant  12*5  miles,  or  a  total  length  of 
50  miles  of  cable ;  the  annual  losses  from  dielectric  hysteresis  are  as 
follows  (if  all  four  mains  remain  under  pressure  the  whole  year) : — 

Maximum  energy  delivered  per  cable  600  K.W. 

Taking    three  working    cables  and  one 

spare,  maximum  energy  delivered  to  the 

distribution  station  1,800  K.W. 

10  per  cent,  load  factor  =180  K.W. 

Units  delivered  per  annum  180  X  8,760=  1,752,000 
Losses  in  cable  at  335  watts  per  mile. 

(On  basis  of  power-factor  of  '034,  as  found  by  Mr.  Mather  on  I.R. 
dielectric  when  testing  with  a  wave  form  approximately  sine  curve.) 

Losses  =  335  X  50  X  8,760  =    I55i5a> 

jcc  000 

Per  cent,  loss  as  above  to  units  delivered  =  -^^ =  8*3  per  cent. 

1,752,000 

If  we  substitute  for  this  dielectric  an  (oiled)  paper  dielectric  the 

capacity  is  reduced  to  one-third,  and  the  power-factor  to  about  *025. 

The  energy  lost  per  mile  (D.H.)  =  82*0  watts. 

T>  X  .  J      J  i.       82  X  so  X  8,760       35,000  . 

Per  cent,  loss  reduced  to  = ^ -^—  =   zZ   =  21  per  cent. 

1,752,000  1,752,000 

Under  these  circumstances  I  consider  that,  although  Mr.  Mordey 
has  been  premature  in  bringing  forward  this  matter  for  discussion 
before  obtaining  comparative  results  from  other  cables  having  a 
different  dielectric,  the  thanks  of  the  Society  are  due  to  him 
for  having  pointed  out  the  importance  of  capacity  and  dielectric 
hysteresis   in   alternating-current  working,  which  has  not   had    the 


402    MORDEY :   CAPACITY  IN  ALTERNATE   CURRENT     [Feb.  14lh, 

Mr.  Sparks,  attention  of  the  bulk  of  our  members  although  known  to  some.  I  am 
aware  that  by  using  other  dielectrics  a  lower  power-factor  may  be 
obtained  ;  but,  from  tests  on  other  dielectrics,  it  is  clear  that  in  the  best 
cables  the  power-factor  is  about  2^  times  the  amount  suggested  at  the 
last  meeting  by  Professor  Ayrton,  while  it  is  possible,  as  is  shown  by 
the  figures  I  have  given,  to  find,  in  exceptional  cases,  a  power-factor 
which  is  2i  times  the  amount. 

In  conclusion  I  should  add  that  my  best  thanks  are  due  to  two  of 
my  assistants,  Mr.  Dallas  and  Mr.  Smout,  for  their  ready  help  in 
making  the  foregoing  tests,  and  also  to  Mr.  Gillespie,  of  the  Westing- 
house  Company,  for  the  great  trouble  taken  in  making  s{>ecial  calibra- 
tions of  the  instruments  used. 


DIELECTRIC   HYSTERESIS. 

Concentric  rubber  cable.    Capacity  =  '86       m.f .  per  mile. 

Sec.         =  -15  n     „ 


(i)  '  Energy  measured  by  variation  of  input  into   direct-current 
motor  driving  alternator,  deducting  C"R  losses  in  motor  and  alternator. 


pyj  Alternator. 

Volts. 

Volts 

X 

Amperes. 

K.of 
Cables. 

Length 

in 
Miles. 

Ratio  of 

observed 

cap.  cur.  to 

calculated  cur. 

Cos^ 
watts 
V  X  A 

.  Watts  lost 

per  mOc 

on  open 

circiaL 

loo  B.T.H. 
K.W. 
Single  Phase 

lOO 

2,000 

46,000 

8-6 

10 

21 

•069 

315 

(2)  ^  (Tests  taken  by  Dr.  Mather)  Ganz  Wattmeter  from  transformer 
Fed  from  net  work  at  substation,  ten  miles  from  station. 


99      Mordey 
K.W. 
Single  Phase 

150 


2,240 
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•034 
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(3)  Original  test  taken    11    months  ago. 
Schallenberger  Wattmeter. 


Energy  measured   by 


100      Mordey 
K.W. 
Single  Phase 

150 


2,040 


12,300 


472 


5i 


1*02 


124 


275 


'  Motor  generator  tests  are  mean  of  several  observations. 
«  Three  sets  of  tests  taken  : — 

(a)  Watts. measured  on  cable  alone. 

(6)      „  „  „         and  *'  Ironle&s "  choker,  placed  across 

cable  ends. 

(c)  Watts  measured  on  cable  alone  in  series  with  same  choker . 
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(4)  Motor  and  generator.    Same  as 

No.  I. 

Minimum 

observation. 

50      B.T.H. 
K.W. 
Per  Phase 
2- Phase  50 

2,000 

11,800 

8*6 

10 

i*i6 

•04 

47 

Mr.  Sparks. 


(5)  Same  as(i). 


Dr.  J.  A.  Fleming  :  Mr.  Mordey  has  given  us  a  plenitude  of  Dr. 
material  to  discuss.  At  this  late  hour  of  the  evening,  I  will  only  •^^'"'"fi 
touch  upon  one  point  which  is  one  of  the  principal  ones  in 
his  paper,  viz.,  the  measurement  of  the  dielectric  losses  in  a  cable. 
Mr.  Mordey  tells  us  that  his  experiments  showed  that  the  true  losses 
in  5\  miles  of  a  certain  india-rubber  insulated  cable  was  about 
2  H.P.,  and  that  the  power-factor  was  about  '12,  or  12  per  cent.,  and 
these  measurements,  he  said,  were  made  with  a  recording  wattmeter. 
He  gives  us  no  details  of  the  experiments  which  he  undertook  to 
ascertain  the  correctness  of  this  wattmeter.  He  simply  says  it  was 
tested  on  a  circuit  of  low  power  and  found  to  be  correct.  I  might 
remind  him  that  ten  years  ago  in  this  room,  I  brought  before  this 
Institution  a  Paper  in  which  a  number  of  measurements  were  recorded, 
taken  on  the  Ferranti  cables  which  had  just  then  been  laid.  We  were  at 
that  time  interested  in  the  large  capacity  current  of  these  cables,  and 
this  current  was  found  to  be  something  like  44  or  45  amperes  at  a 
pressure  of  10,000  volts.  This  corresponds  to  about  600  apparent  H.P. 
The  chief  thing  which  concerned  those  who  were  connected  at  that 
time  with  the  London  Electric  Supply  Corporation  was  how  much  of 
this  apparent  600  H.P.  was  real  horse  power.  In  those  days  I  had 'not 
any  wattmeter  which  would  deal  with  these  large  pressures,  but  I 
remember  that  Mr.  d' Alton,  who  was  then  the  engineer-in-chief  of  the 
Corporation,  attacked  the  problem  in  a  very  practical  manner.  He 
took  one  of  the  day-load  engines  at  Deptford  coupled  to  a  300  H.P. 
alternator,  and  he  ran  it  empty  and  took  very  careful  indicator  friction 
diagrams.  Then  he  switched  on  to  the  alternator  the  Ferranti  cables 
one  by  one,  taking  diagrams  in  between  each  connection,  and  in  that 
way  he  found  that  the  real  power  taken  up  in  the  dielectric  of  these  four 
Ferranti  cables  was  about  10  or  12  H.P.  I  have  not  been  able  to  lay 
my  hands  on  the  exact  figures  of  observation,  but  I  think  I  can  trust 
my  memory  in  this  respect.  One  thing  I  am  absolutely  certain  of  is 
that  the  power-factor  of  these  cables  was  not  so  large  as  12  per  cent. 
The  power-factor  we  found  for  these  cables  was  '02  or  2  per  cent, 
which  confirms  the  figures  which  have  been  given  by  Mr.  Sparks  for 
certain  other  dielectrics.  If  it  had  been  12  percent.,  or  anything  like 
the  figure  Mr.  Mordey  gives,  it  would  have  meant  that  50  or  60  real 
H.P.  were  taken  up  in  the  Ferranti  cables,  and  that  certainly  was  not 
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'    *  '  ('     ♦♦'!'   h,  tU  i"f  '.a  h'.in  tin:  .iTinature  of  the  motor  a  single-phase 

(M   »Hi«n,(f  ..ifMfti      l/Mfi  fh;tf  motrjr  empty  from  a  Secondary  batten* 

...  ♦  Ic   .  tM  Mf  1  t»f/   Ml'   pow^r  put  info  it  bv  a  pjotentiometer  with  any 

I  fH        <f    t  •  tM  M  ,'  l»«   pi'  .1  .r  t,     Tlu-n  if  we  connect  the  two  brushes  to 

Hi         ((    •  .  In  hH    of  II ii>  <  III i|r  t(»  he  tested  and  any  true  power  is  taken 

ii|   III  H    .11  I.  ,hii    It  tiiM  i(  ilifiw  itMJf  on  the  continuous-current  side  erf 

I''     iM   ♦   «   'm    tM  huM'iH'd   |»<»wei    a)«M>iption,  and  you  can  make  the 

.1         I    ''I  mI  .<f  Mm-  tnu    ditltttiie  l<»ss  in  that  cable  with  very  little 

*^     piln«*'t  *»»*.»♦  I ^m;m'*mU  aw  uiav'V  by  measiuing  the  increased 

^^      M  *'  "*    •»»  t*»v  \*'U»utMvm^  vuurnt  vide.     That  is  practically 
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only  a  refinement  of  the  method  which  Mr.  d' Alton  employed  many  Dr. 
y^ars  ago  at  Deptford  to  ascertain  for  himself  as  a  practical  engineer 
the  real  losses  in  the  Ferranti  cables. 

With  regard  to  Mr.  Mordey's  wattmeter,  perhaps  I  may  be 
allowed  to  say  one  word  before  sitting  down.  Mr.  Mordey  has  con- 
structed a  wattmeter  in  which  he  makes  one  circuit  do  duty  as  the 
secondary  circuit  of  the  auxiliary  transformer  and  the  movable  part 
of  the  wattmeter.  He  gets  rid  in  this  way  of  the  mercury  contacts,  but 
I  must  say  that  I  do  not  see  that  this  is  any  very  great  advantage.  It  has 
one  great  disadvantage  over  the  method  which  I  suggested  eight  years 
ago  of  using  the  auxiliary  transformer  separately,  and  that  is  you  have 
no  means  of  ascertaining,  by  any  experiments,  precisely  what  is  the 
phase  of  the  current  in  the  movable  circuit  as  compared  with  that  of 
the  impressed  E.M.F.  on  the  primary  terminals  of  the  transformer.  A 
very  little  difference  of  phase  in  these  two  quantities  affects  very  much 
the  wattmeter  reading  when  operating  on  a  power-absorbing  circuit  of 
low  power-factor.  Take,  for  instance,  Mr.  Mordey's  own  case.  He  tells 
us  that  his  own  wattmeter  showed  a  power-factor  of  o*i2.  If  that 
figure  is  correct,  it  shows  that  the  current  was  about  83**  in  advance  of 
the  E.M.F.,  and  he  found  2  H.P.  taken  up  in  the  cable.  If  his  current  had 
been  90°  in  advance  of  his  E.M.F.,  it  would  have  indicated  that  no  power 
was  being  taken  up  in  the  dielectric.  Hence  this  inferred  loss  of  2  H.P. 
depends  entirely  on  the  accuracy  of  this  difference  of  phase  of  7°,  and 
he  does  not  give  us  in  his  paper  any  proof  that  that  wattmeter  was 
absolutely  correct  to  that  extent.  If  the  phase  difference,  for  instance, 
had  been  but  3^°  instead  of  7°,  the  power  absorption  would  have  been 
I  H.P.  and  not  2  H.P.  Therefore,  I  think  it  is  advisable  in  all  these 
measurements  of  power  absorption  in  circuits  of  small  power-factor  to 
check  these  determinations  by  the  wattmeter  by  some  other  direct 
method,  such  as  I  have  suggested. 

Dr.  W.  E.  SuMPNER  :  Mr.  Mordey's  paper  has  given  rise  to  many  Dr. 
interesting  points,  but  I  will  confine  myself  to  two.  One  is  the  power-  Sumpner. 
factor  which  Mr.  Mordey  has  alluded  to  ;  the  other  is  a  factor  which 
Mr.  Mordey  has  left  out  of  account,  and  which,  I  think,  is  of  equal 
importance  with  the  power-factor  in  determining  what  his  paper  is 
intended  to  bring  before  us — namely,  the  relative  importance  of  the 
losses  which  go  on  in  the  cable.  Mr.  Mordey  has  given  us  a  number  of 
figures  which  give  the  number  of  watts  supposed  to  be  lost  in  the  cable 
under  certain  circumstances;  but  none  of  these  numbers  have  been 
compared  with  the  really  important  matter  about  the  cable — namely, 
the  load  that  that  cable  is  intended  to  transmit.  There  are  two  factors 
which  determine  the  percentage  which  the  loss  in  the  cable  bears  to  the 
load  which  the  cable  transmits.  One  is  the  power-factor,  and  the  other 
is  the  ratio  of  the  capacity-current  to  the  load-current.  Mr.  Mordey  in 
no  part  of  his  paper  has  referred  to  the  load-current,  or  to  the  propor- 
tion which  the  capacity-current  bears  to  that  load-current.  If,  for 
instance,  the  capacity-current  is  half  the  load-current,  and  if  Mr.  Mordey's 
power-factor  is  correct,  the  loss  in  the  cable  is  6  per  cent,  of  the  load.  If, 
however,  the  capacity-current  is  one-tenth  of  that  load-current,  then, 
supposing  Mr.  Morde/s  power-factor  is  true,  the  loss  in  the  dielectric 
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Smipner  '^  ^"^^  ^^  P^'^  Cent.  Now  what  is  that  proportion  ?  The  proportion 
depends  upon  something  which  Mr.  Mordey  has  alluded  to,  but  which 
he  has  given  no  precise  information  about — namely,  the  percentage  drop 
in  volts  which  is  allowable  in  the  line.  What  is  that  percentage  drop 
of  volts  ?  I  ask  you  to  assume  that  the  drop  in  the  line  is  4  per  cent.  I 
take  that  figure  because  I  know  as  a  fact  that  that  was  the  percentage 
loss  in  the  cable  at  Deptford  ten  years  ago.  Take,  therefore,  the  case 
Mr.  Mordey  has  mentioned,  of  5^  miles  of  37/15  cable,  run  at  6,000  volts, 
and  50  periods.  Under  these  conditions  the  capacity-current  works  out 
at  9  amperes.  The  load-current  comes  out  at  77  amperes,  and  the 
current  density  is  less  than  500  amperes  per  square  inch.  The  load- 
current  is  77  amperes  as  compared  with  a  capacity-current  of  9  amperes. 
That  is  to  say,  the  load-current  is  more  than  eight  times  the  capacity- 
current.  If  Mr.  Mordey's  power-factor  is  correct,  the  los^  in  the  dielectric 
is  only  ij  per  cent,  of  the  full  load  ;  or  if  what  I  consider  the  power- 
factor  is  correct — namely,  the  number  which  Dr.  Fleming  has  mentioned, 
•02 — the  loss  in  the  cable  is  only  J  per  cent,  of  the  full  load.  That  is  to 
say,  the  cable  can  be  run  for  sixteen  hours  at  the  full  voltage  without 
losing  more  energy  than  would  correspond  with  the  heating  of  the 
copper  in  one  hour  at  full-load.  This  ratio  of  capacity-current  to  load- 
current  is  a  factor  which  Mr.  Mordey  has  entirely  left  out  of  his  pa|XT. 
and  which  I  contend  is  a  factor  just  as  important  as  the  power -factor  in 
determining  the  importance  of  this  dielectric  loss. 

There  are  other  matters  in  reference  to  the  choker  device  which  I 
should  like  to  allude  to  if  I  had  time.  Mr.  Mordey  has  not  referred  at 
all  to  the  loss  in  the  choker  ;  he  has  not  compared  it  with  the  loss  in  the 
line.  If  you  take  the  power-factors  which  I  believe  to  be  correct — 2  per 
cent,  for  the  line  and  4  per  cent,  or  6  per  cent,  for  the  choker — ^the 
power-loss  in  the  choker  is  two  or  three  times  the  power-loss  in  the 
line,  so  that  if  the  power-loss  in  the  dielectric  is  important,  the  power- 
loss  in  the  choker  is  still  more  important. 

I  pass  on  to  consider  the  matter  of  the  power-factor.  Mr.  Mordey 
has  given  us  a  number  for  it  higher  than  anybody  else  has  ever  obtained, 
and  which  is  quite  at  variance  with  the  numbers  which  have  been 
published.  I  need  not  quote  them.  Dr.  Fleming  has  already  mentioned 
his  measurement  of  '02,  which  coincides  with  my  own  results  and  with 
those  of  Professor  Ayrton.  I  have  not  had  an  opportunity  of  testing 
long  lengths  of  cable,  but  I  have  tested  a  large  number  of  condensers 
at  various  times  during  the  last  twelve  years,  and  have  always  found  the 
power-factor  to  lie  between  '025  and  'ois.  In  the  large  majority  of 
cases  a  figure  close  to  '02  was  obtained.  How,  then,  is  it  that  Mr.  Mordey 
has  got  his  very  high  results  ?  I  can  suggest  several  possible  explana- 
tions. I  cannot  pretend  to  show  the  reason,  because  Mr.  Mordey  has 
given  us  no  particulars  of  the  conditions  of  the  test  But  there  are  two 
points  in  the  paper  on  which  I  should  like  Mr.  Mordey  to  give  us 
information  in  his  reply.  He  says  on  p.  372  that  the  wattmetter  he  used 
■^r  testing  this  cable  had  been  specially  tested  on  a  circuit  of  low  power- 
'*or.  I  am  not  going  to  dispute  that  at  all,  but  I  wish  to  know  whether 
'rcuit  on  which  the  calibration  was  made  took  a  leading,  or  a  lagging 
t,  and  how  the  power-factor  was  tested  independently  of  the  \i*att- 
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meter  under  test.    The  point  I  wish  to  make  is  this,  that  it  is  quite  gr, 
possible  for  a  wattmeter  to  measure  fairly  accurately  on  a  circuit  of 
low  power-factor,  say  '02,  if  the  circi^it  on  which  it  is  tested  carries 
a  lagging  current ;  and  yet  the  same  wattmeter  may  read  absolutely 
wrongly,  and  even  negatively,  when  the  circuit  takes  a  current  of  the 
same  power-factor,  but  a  leading  current  instead  of  a  lagging  one.     I 
do  not  think  it  has  been  noticed  before  that  it  is  easily  possible  for 
a  wattmeter  to  read  negative  on  a  condenser  circuit.     It  is  a  fact  that 
can  be  easily  explained  when  the  low  power-factor  of  the  condenser  is 
taken  into  account.     If  a  condenser  has  a  power-factor  of  only  *02,  it 
means  that  the  phase  difference  between  the  pressure-current  and  the 
load-current  is  88*6°.    Thus  the  phase  difference  falls  short  of  90°  by 
only  I**  or  ij^     If,  therefore,  the  lag  in  the  pressure-coil  is  more  than 
1  J° — and  that  is  a  very  small  amount — the  phase  difference  would  not 
only  reach  90°,  which  would  reduce  the  deflection  to  zero,  but  it  would 
be  actually  more  than  90°,  so  that  the  wattmeter  would  read  negatively. 
This  is  not  a  merely  theoretical  point :  I  have  tested  it  experimentally. 
I  applied  an  alternating  voltage  to  a  condenser  through  a  wattmeter  and 
obtained  a  certain  reading  for  the  power.     I  then  inserted  a  very  small 
amount  of  self-induction  into  the  pressure-coil,  and  the  reading  was 
reversed  in  direction.  Now  is  there  anything  in  Mr.  Mordey's  conditions 
of  test  which  would  produce  a  lag  of  i^**  or  more  ?    I  think  Mr.  Mordey 
must  have  had  in  his  circuit  something  which  did  that.     I  believe  he 
must  have  had  a  transformer  in  connection  with  his  wattmeter.    At  all 
events,  I  should  like  him  to  mention  in  his  reply  whether  he  used  a 
transformer  or  not.    If  you  use  a  transformer  the  assumption  usually 
made,  that  the  voltages  of  the  primary  and  secondary  circuits  are  in  the 
same  phase,  is  only  approximately  true.    It  is  true  enough  for  the 
ordinary  circumstances  under  which  a  transformer  is  used,  but  there  is 
always  a  difference  in  phase  of  something  like  4  or  5  degrees  between 
the  two  voltages,  and  if  the  load-currents  are  anything  like  the  normal 
load-currents  in  the  transformer,  the  phase  difference  may  be  consider- 
ably greater.  That  phase  difference  may  produce  some  very  extraordinary 
results  when  the  converter  is  used  for  tests  depending  on  phase.   I  have 
tried  it  experimentally  for  the  sake  of  bringing  the  matter  before  this 
Institution.    I  have  tested  a  condenser  whose  power-factor  I  perfectly 
well  knew,  by  means  of  a  wattmeter  to  which  a  transformer  was  attached. 
My  transformer  was  not  a  toy  transformer,  as  in  Mr.  Morde/s  watt- 
meter.   I  used  one  of  a  commercial  size  and  of  good  make,  and  not 
having  more  magnetic  leakage  than  is  usually  found  in  transformers  of 
good  make.   It  was  of  3-unit  capacity,  and  very  under-loaded.    I  used  it 
under  what  I  may  call  normal  conditions,  the  full  voltage  on  the  coils, 
and  with  small  currents  through  them.     I  also  experimented  with  it 
under  abnormal  conditions,  with  low  voltages  on  the  coils,  and  currents 
comparable  with,  but  less  than,  the  full-load  currents,  conditions  under 
which  these  effects  would  be  abnormally  large.    This  is  the  kind  of 
result  which  can  be  obtained.    The  effect  on  the  reading  will  depend 
upon  the  way  the  transformer  is  connected  up,  whether  it  is  used  in  the 
pressure-circuit,  or  in  the  current  circuit.  The  effect  may  be  to  increase 
or  to  decrease  the  reading.   It  may  make  it  negative  or  positive.  Taking 
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cables ;    measuring    capacity    In    terms    of   pressure    frequency  and   Mr 
current ;  importance  of  loss  of  power  by  dielectric  hysteresis ;  and  a 
form  of  wattmeter. 

As  regards  the  placing  of  choking  coils  and  condensers  in  parallel, 
the  scientific,  or  elementary  trigonometric  knowledge  was  quite  old. 
The  idea  is  also  old  iQ  a  way  as  a  piece  of  practical  engineering. 
Condensers  were  sold  to  take  up  the  wattless  currents  of  Hedgehog 
transformers.  Mr.  Mordey  has  himself  dug  up  a  testing  arrangement 
at  the  Silvertown  works.  This  was  supplied  about  ten  years  ago,  and 
consists  of  two  transformers  giving  40,000  volts  and  3  amperes,  supplied 
by  a  30,000  watt  dynamo.  There  are  two  choking  coils  made  adjust- 
able, taking  up  to  about  100,000  apparent  watts.  I  had  completely 
forgotten  all  about  designing  these  until  Mr.  Mordey  told  me  about 
them.  But,  in  spite  of  tliese  things,  I  think  that  Mr.  Mordey  has 
brought  forward  an  arrangement  which  is  new  to  most  of  us,  though  a 
rigid  search  would  have  unearthed  primitive  users.  There  is  generally 
no  difficulty  in  finding  earlier  examples  of  anything,  but  the  device 
has  to  be  re-invented  before  you  can  begin  to  make  the  search  for 
prehistoric  examples.  As  a  matter  of  fact,  there  was  a  period  of 
alternating  current  inventive  activity  about  ten  years  ago,  and  much  of 
what  was  done  then  is  now  buried,  as  it  is  never  read,  and  is  not, 
therefore,  public  knowledge.  It  requires  nearly  as  much  ability,  and, 
in  some  cases,  just  as  much,  to  re-invent  a  device  as  to  invent  it  for  the 
first  time.  Apparently  there  were  many  cases  where  the  capacity 
current  was  a  difficulty.  Those  who  had  to  deal  with  it  did  not  know 
what  to  do,  and  those  who  did  know  what  to  do  did  not  exist,  or  were 
not  there  ;  and  Mr.  Mordey  stepped  forward  and  solved  the  difficulty. 

Measuring  capacity  in  terms  of  pressure,  current,  and  frequency,  is 
an  old  practice,  but  a  practice  that  has  been  largely  forgotten.  My 
condensers  in  old  days  were  all  labelled  in  current.  Though  Professor 
Ayrton  may  have  asked  for  his  condensers  to  be  graduated  in  this  way, 
our  practice  was  not  the  result  of  his  suggestion.  It  was  always  the 
practice,  and  all  the  condensers  were  marked  in  current.  The  method 
is  none  the  worse  for  being  suggested  by  Professor  Ayrton.  As 
engineers  measured  the  idle  current  of  the  Hedgehog  transformers 
in  amperes,  it  seemed  the  obvious  thing  to  mark  the  corresponding 
condensers  in  amperes.  This  practice  has  died  out,  and,  though  a 
condenser  cannot  be  accurately  marked  in  amperes,  as  a  rough  method 
it  is  good,  and,  though  he  now  disclaims  it,  I  think  Mr.  Mordey  did  well 
in  calling  attention  to  it. 

The  loss  of  power  by  dielectric  hysteresis,  or  whatever  we  like  to 
c  ill  it,  ib  a  matter  of  the  gravest  consequence.  Whether  Mr.  Mordey 
has  measured  it  incorrectly  or  not  I  have  no  idea  ;  neither  do  I  think  it 
matters  very  much,  unless  his  measurements  are  so  very  erroneous  that 
there  is  no  really  important  waste  of  power  in  the  dielectric.  As  the 
waste  of  power  is  going  on  always,  it  is  a  serious  matter,  even  if  small 
in  comparison  with  the  full  load  copper  loss  of  the  cable.  This 
dielectric  loss  will  vary  enormously  in  different  cables.  Not  only  will 
rubber  differ  largely  from  paper  or  oil  cables,  but  most  likely  di£ferent 
cables  of  the  same  make,  and  perhaps  even  different  lengths  Of  the 
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same  cable  will  vary  considerably.    Temperature  jiill  also  probahly 
affect  the  loss  greatly  in  a  given  case.    That  may,  to  some  extent,     i 
account  tor  the  discrepancy  between  Professor  Ayrton'sand  Mr,  Mordey's     ' 
figures,  though  it  caii  hardly  account  for  the  whole  difference.    The 
term  dielectric  hysteresis  has  been  applied  a  little  rashly.     If  MaiwcDs 
suggestion  is  at  all  near  the  truth  the  term  is  misapplied,  and  the  loss  is 
purely  due  to  C'R.     For  example,  condensers  in  series  with  rcsistam^s. 
or  condensers  in  series  with  some  of  them  shunted  by  resistances,     i 
would  show  apparent  dielectric  hysteresis.     Again,  the  insulators  that     I 
heat  most  are  those  whose  specific  inductive  capacities  are  abnonTially    ' 
high  in  relation  lo  their  refractive  indices,  and  this  would  tend  to  sbov    i 
there  is,  so  to  speak,  molecular  conduction,  or  little- resistant  paths  c*    \ 
lengths  of  the  order  of  the  dimensions  of  molecules.     It  is  probaMt     ' 
that,  if  there  is  a  demand  for  cables  with  low  dielectric  losses,  aich 
cables  can  be  made.    The  power-factor  of  the  condensers  made  ai    I 
Teddington  was  much  lower  than  the  figure  given  by  Professor  AyTlon. 
It  is  quite  possible  they  may  have  deteriorated  in  ten  years;  that  i: 
more  likely  to  be  the  solution  than  that  Professor  Ayrton's  measure-    I 
ments  are  wrong. 

A  wattmeter  must  be  specially  well  designed  to  test  loss  in  dielectrics. 
The  simplest  way  of  cheching  them  is  with  a  two-phase  dynamo.  A 
resistance  load  is  put  on  each  circuit,  and  the  wattmeter  circaits 
changed  over  so  as  to  gel  two  readings,  so  as  to  get  the  error  due  to  the 
wattmeter  in  one  direction,  while  the  error  due  to  want  of  symmetry  oi 
the  dynamo  cancels  out.  When  1  made  things  I  made  wattmeters. 
and  they  were  checked  with  an  old  Gramme  JablochkofT  machine. 
In  spite  of  that  Dr.  Fleming's  indictment  is  true.  It  was  not  a  question 
of  fiendish  ingenuity  on  my  part  though.  The  instrument  was  designed 
all  right,  and  the  main  coils  were  carried  by  two  insulated  brass 
pillars.  The  works  saw  no  reason  for  insulating  one  end  of  tbcj* 
pillars,  and  removed  the  insulation.  Hence  the  accusation  of  crime. 
How  many  wattmeteis  were  sent  out  like  this  I  do  not  know.  The 
resistance  to  be  used  in  series  with  the  pressure  coil  is  most  importaoi. 
We  wound  them  with  a  single  wire,  reversing  the  bobbin  in  the  lathe 
after  each  layer.  This  avoids  self-induction,  capacity,  and  leakage 
errors,  and  is  much  better  than  double- winding.  Mr.  Duddell  finds  thit 
one  of  these  bobbins  is  faulty,  and  apparently  sparks  inside,  mietbet 
that  is  a  fault  in  make-up  or  an  error  in  design  I  do  not  know,  a?  I 
have  not  examined  the  coil.    It  is  probably  a  fault  in  make  up  of  the 

.  particular  coil ;  but,  in  any  case,  Mr.  Duddell's  obser\-ation  is  important. 
As  to  the  particular  wattmeters  used  in  Mr.  Mordey's  experiments. 
there  is  no  very  clear  account  given.  Mr.  Baillie  pointed  out  to  me 
some  time  ago  that  self-induction,  the  ordinary  error  of  a  wattmeter,  i 
diminishes  the  reading  on  a  condenser,  unless  it  is  so  great  as  to  caiisf 
the  instrument  to  read  negative  watts. 

T.  Mr.  T.  Mather  :  Mr.  Morde/s  paper  has  been  useful  in  drawing 
attention  lo  the  importance  of  Dielectric  Hysteresis  losses  in  concentric 
cables.  There  are,  however,  several  points  in  his  paper  which  canna 
pass  without  criticism.  The  chief  of  these  points  is  that  a  contentm 
cable  ^^bsorbs  a  considerable  amount  of  fmxer  when  subjected  lo  tijt    I 
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alternating  pressures,  and  since  nearly  half  the  paper  is  based  upon  this  Mr.  Mather. 
alleged  fact,  it  demands  first  place  in  the  discussion. 

I  may  preface  my  comments  by  saying  that  to  avoid  ambiguity  I 
shall  use  the  expression  "volt-amperes"  instead  of  "apparent  watts," 
and  restrict  the  word  "  watts  "  to  real  power. 

Mr.  Mordey  says  that  cables  hafve  power-factors  as  high  as  0*124,  '•^•» 
they  waste,  at  light  load,  about  Jth  the  volt-amperes  supplied  to  them. 

It  should  be  noted  that  this  number  is  the  result  of  a  single  experi- 
ment on  a  single  cable,  and  does  not  seem  to  have  been  repeated 
or  checked  by  any  independent  method,  and  yet  Mr.  Mordey  bases 
half  his  paper  on  it  and  works  out  tables  of  losses  for  cables  of  various 
capacities  working  at  various  voltages  as  if  his  power-factor  o*  1 24  was 
like  the  "laws  of  the  Medes  and  Persians."  That  this  value  0*124 
is  far  above  the  average  is  conclusively  seen  from  the  numbers  given 
below  in  Table  I. 

The  loss  found  by  Mr.  Mordey  is  so  large  that  it  would  have  been 
quite  easy  to  measure  it  in  several  well-known  ways,  and  in  my  opinion 
the  high  figures  should  not  have  been  published  until  there  was  no 
doubt  whatever  about  their  substantial  accuracy.  For  in  effect  Mr. 
Morde/s  result  condemns  cables  for  high  pressure  alternate  current 
working  on  the  uncorroborated  evidence  of  a  single  specimen.  How 
would  Mr.  Mordey  like  all  his  alternators  condemned  because  the  tests 
on  a  particular  alternator  of  some  other  make  showed,  or  seemed  to 
show,  it  to  be  a  very  poor  one  ? 

For,  even  if  we  grant  the  loss  mentioned  by  Mr.  Mordey  for  the 
particular  cable,  it  would  still  have  been  desirable  to  test  many  other 
cables  before  drawing  generalised  conclusions  intended  to  apply  to  all 
cables. 

Ordinary  wattmeters,  and  especially  so-called  "recording  watt- 
meters," are  very  inaccurate  at  low  power-factors  unless  special  pre- 
cautions are  taken  to  ensure  the  current  in  the  pressure  coil  being 
strictly  in  phase  with  the  applied  P.D.,  so  that  Mr.  Morde/s  method  of 
measuring  the  loss,  even  though  his  meter,  as  he  asserts,  had  been 
tested  at  low  power-factors,  was  not  a  very  fortunate  one. 

A  convenient  method  of  measuring  dielectric  losses  is  to  use  an 
"ironless**  choker  of  inductance  suitable  for  bringing  the  current  in,  or 
nearly  in,  phase  with  the  alternator  P.D.,  and  using  a  moderately  good 
wattmeter  to  measure  the  power  in  cable  and  choker.  The  loss  in  an 
"  ironless "  choker  wound  with  thin  wire  can  be  found  very  closely  by 
C'R,  and  the  differences  between  C^R  and  wattmeter  reading  gives  the 
loss  in  the  cable.    Two  arrangements  are  possible  : — 

(i)  Cable  and  Choker  in  parallel  (Fig.  B). — An  "ironless"  choker 
being  used,  as  suggested  by  Professor  Ayrton  in  The  Electrician  of 
January  i8th.  In  this  case  a  wattmeter  suitable  for  high  P.D.s  must  be 
used  and  the  current  coil  of  the  instrument  placed  in  the  alternator 
circuit. 

(2)  Cable  and  Choker  in  series  (Fig.  C),  as  suggested  by  me  in  the 
Electrician  of  January  25th.  Here  a  wattmeter  suitable  for  low  pressures 
will  suffice  and  only  a  low  P.D.  is  required.  As  the  alternator,  cable, 
and  choker  are  in  series,  the  circuit  is  perfectly  simple.    The  current 
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Mr.  Mather,   coil  of  thc  wattmeter  is,  of  course,  included  in  the  same  circuit,  and  the 
pressure  coil  connected  with  the  alternator  terminals. 

Note. — Since  the  above  was  written  Mr.  Campbell  has  called  my 
attention  to  the  fact  that  these  methods  were  used  by  Messrs.  Rosa  and 
Smith  in  measuring  dielectric  hysteresis  losses  in  condensers.  Sec  Pkystctjl 
Review^  vol.  8,  pp.  1-20.     1899.  T.  M. 

In  either  arrangement  it  is  desirable  to  use  electrostatic  voltmete^^  to 
show  the  pressure  to  which  the  cable  is  subjected.  Results  taken  by 
thcse  two  methods  as  well  as  by  measurements  on  the  cable  only  arc 
given  in  Table  I.  These  numbers  have  been  obtained  by  Professor 
Ayrton  and  myself,  assisted  by  Messrs.  Caine,  Denton,  Henry,  and 
Mair,  students  of  the  Central  Technical  College,  to  whom  our  be>l 
thanks  are  tendered.  Each  value  of  the  power-factor  thus  given  is  the 
mean  of  a  large  number  of  consistent  observations,  and  obtained  in 
some  cases  in  totally  different  ways.  There  is  therefore  no  doubt 
whatever  as  to  the  substantial  accuracy  of  the  results. 

TABLE     I.    {Mather.) 
Dielectric   Hysteresis   Losses  of   Loxg  Cables. 


Material. 


Oiled  Paper* 

iute 
ndia  Rubber 
India      Rubber, 
County  of  Lon 
don  Cable 


•  •  • 


P.D. 

Fre- 

Power 

in  Volts. 

quency. 

Factoi . 
0024+ 

2,017 

100 

2,030 

71-5 

0*027 

2,000 

i05 

0*028 

2,230 

100 

O*029t 

Maker. 


British  Insulated  Wire  Co. 
Callender  &  Co. 
Silvertown  Co. 


»i 


M 


Mr.  Mordey's  Experiments. 


India  Rubber,  "J 
County  of  Lon-  ^ 
don  Cable         J 


2040 


100 


Silvertown  Co. 


It  is  significant  to  notice  that,  according  to  these  results.  Mr. 
Mordey's  tests  on  the  County  of  London  Cable  gave  a  fowcr-fadcr 
more  than  400  per  cent,  too  high. 

The  figure  0*029  obtained  in  our  tests  on  the  same  cable  is  the  mean 
of  sixteen  separate  experiments  made  in  the  three  different  ways  shown 
in  Figs.  B,  C,  and  D,  none  of  which  differed  from  the  mean  0*029  ^y 
more  than  i  in  the  third  decimal  place.  Hence  it  seems  to  us  thai 
Mr.  Mordey's  results  are  very  inaccurate,  and  should  not  be  applied  in 
any  case. 

Turning  now  to  the  secondary  parts  of  the  paper,  I  may  remark 
that  there  is  no  novelty  in  measuring  capacities  by  alternating  currents 

•  Low  pressure  cables  tested  at  over  2,000  volts. 

t  Tested  in  three  different  ways  with  very  accordant  results. 
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as  de<?cribed  on  page  366,  nor  in  supplying  the  "  idle  "  currents  of  cables  Mr.  Mather. 
by  inductive  coils  or  chokers  (pages  377  and  378).     Both  have  been 
common  knowledge  for  the  past  ten  years. 

Mr.  Morde5r's  treatment  of  capacity  measurements  is  very  unequal 
in  the  detail  given.  For  example  on  page  365  he  tells  "  engineers  who 
have  not  hitherto  considered  the  subject,"  that  the  unit  of  capacity  is 


0-3  amp,      5-3  ajfips. 


TT 


bJso 

V0U3 

\ 

^06 


Choker 


f\a 


^i>w 


6'Bajrips 


e$e  wAtts. 


3S0WACC3 

Po¥¥erfdctor0oa3, 


Fig.  B. 


YT^r^ 


5'7Afnp3.     Choker, 


£53WACd3 


96 

voCC 


\i06^ 


£aM^ 


£94^  WACCS 

fhwer  facCorO'Oe6 . 


Fig.  C. 


tAifipa, 


r 

I 

I 


sifao 

YOUS 


lOOr^ 


£64-  mSLCCS 

Power  fscCoroo£3, 


Fig.  D. 

the  farad,  and  that  it  is  too  large  for  practical  purposes.  He  then 
states  that  "  the  charging  current  for  a  cable  is  easily  found  if  we  know 
the  capacity  of  the  cable,"  and  gives  the  formula, 

Charging  current  in  amperes 
volts  X  periods  per  second  x  microfarads  x  2  y 

1,000,000. 
No  caution  appeared  in  the  slip  proof  given  out  at  the  meeting  (except 
the  obscure  note  on  page  379)  to  remind  these  engineers  that  the  current 
taken  by  a  cable  depends  very  largely  on  the  waveform  of  the  alternator 
and  on  the  load  under  which  the  machine  is  working. 

Then  followed  the  statement  that  one  microfarad  takes  0*6283  amperes 
at  2,000  volts  so  f\J  and  a  suggestion  that  station  engineers  should 
have  ammeters  graduated  in  microfarads.  From  the  remarks  with 
which  Mr.  Mordey  prefaced  the  adjourned  discussion,  it  is  evident  that 
since  the  reading  of  his  paper  on  the  loth  of  January  he  has  found  out 
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.  how  misleadiag  this  method  for  measuring  capacity  may  be,  for  he 
now  acknowledges  that  errors  of  two  or  three  liundred  per  cent  may 

How  puzzled  the  poor  engineer,  who  requires  to  be  told  about  the 
unit  of  capacity,  would  be,  in  making  capacity  measurements  by  such  a 
method,  to  find  that  a  particular  cable  had  all  sorts  of  capacities 
depending  on  the  time  of  day  at  which  his  measurements  were  taken  ! 
For  (as  Dr.  Fleming  has  well  shown  in  the  case  of  the  large  alternators 
belonging  to  the  City  of  London  Company)  the  wave-form  of  the 
pressure  supphed  depends  on  which  alternators  ace  being  used,  and  on 
(he  load  under  which  they  are  working. 

The  differences  in  capacity -current  as  dependent  on  wave-form  h 
well  illustrated  by  the  reiults  shown  in  Tables  11.  and  ill.,  which  were 
taken  on  condensers  of  some  50  microfarads. 

TABLE    II.    {Mather.) 
Capacity  Currents  as  Influenced  by  Wave-Form. 


UachlDC  UKd. 

Fftqutncy 

Curmital 
A. 

c^^. 

Ttue 

Ferranli  Alternator 

Pyke  and  Harris  Alternator 
Wenstrom  Converter 

Gramme 

1 

35 

30    amps. 
4*        .. 
ri8      „ 
169      „= 
07 

47-8 
73-» 

Ws 

445 

494 

TABLE    III.    (Mather.) 
Ekkkct  op  Load  on  Capacity  CuRREKTf 


I  at  constant  speed   and 


Frtqutncy 

iDiuiipenBal 

Ax  lot 

T™cap«., 

mlcrorirads. 

too 

0 

4-6 

73'2 

5 

45 

4-35 
393 

3-6 
3-3 
3-2 

25:5 

62-9 

57-3 

50-9 

49'4 
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These  tables  show  capacities  differing  by  58  per  cent,  according  to   Mr.  Mather, 
the  alternator  used  (Table  II.),  and  with  the  same  alternator  differently 
loaded  by  putting  lamps  in  parallel  with  the  condensers,  a  change  of 
nearly  50  per  cent  (Table  III.).     These  are  by  no  means  extreme 
cases. 

In  connection  with  the  effect  of  wave  form  on  the  supplying  of 
capacity  current  by  chokers,  I  may  mention  that  with  the  first  method 
used  at  Prescot,  on  Tuesday  last  (see  Fig.  B),  when  the  choker  and  cable 
were  in  parallel  and  the  pressure  supplied  direct  from  the  machine,  we 
could  not  reduce  the  alternator  current  below  3  amperes  when  about 
6  amperes  went  through  the  coil  and  about  6  amperes  into  the 
cable,  no  matter  at  what  frequency  the  alternator  was  run,  the 
machine  being  a  Mordey's  so-called  "  sine  wave "  alternator.  But 
when  the  2,000  volts  supplied  by  the  alternator  was  first  transformed 
down  to  100,  and  then  up  again  to  2,000,  and  a  choker  also  inserted,  the 
current  supplied  to  the  arrangement  shown  in  Fig.  B  went  down  to 
about  o*3  amperes  at  106  pvj.  Hence  it  seemed  that  the  Mordey 
alternator  did  not  give  a  pure  sine  wave,  and  it  was  necessary  to  insert 
the  transformers  and  choker  to  reduce  the  higher  harmonics.  Mr. 
Mordey's  own  experiments  given  on  page  378  of  his  paper  point  to 
the  same  conclusion. 

On  pages  379  and  381  the  subject  of  chokers  for  supplying  the  idle 
currents  to  cables  is  dealt  with,  and  the  design  of  a  choker  given. 
In  my  opinion  the  use  of  iron  in  a  choker  for  such  a  capacity  is  a 
mistake.  The  late  Mr.  J.  E.  H.  Gordon  in  the  early  eighties  showed,  at 
Paddington,  how  not  to  m^ike  chokers;  and  a  few  years  later  Mr. 
Swinburne  brought  out  a  greatly  improved  choker  in  the  shape  of  his 
Hedgehog  transformer.  He  opened  the  magnetic  circuit,  and  used 
only  a  small  amount  of  iron ;  and  yet  Mr.  Mordey  now  describes  a 
choker  containing  a  large  amount  of  iron  and  a  power-factor  as  large 
as  0*041  for  one  of  12,000  volt-ampere  capacity  at  100  periods.  Surely 
this  is  a  serious  retrograde  step.  It  is  generally  recognised  that  a 
closed  magnetic  circuit  in  a  choker  is  very  wasteful  of  power,  for  the 
power-factor  is  usually  of  the  order  o*6  to  07  for  transformers  on  no 
load.  Opening  the  magnetic  circuit,  although  it  necessitates  rather 
more  copper,  greatly  reduces  the  power-factor,  and  the  more  open  the 
magnetic  circuit  the  smaller  the  power -factor  becomes.  The  logical 
conclusion  to  which  these  considerations  lead  is  Remove  the  iron 
altogether,  and  the  power-factor  is  reduced  to  a  small  value.  The  numerica. 
magnitude  of  the  power-factor  depends  on  the  amount  of  copper  put 
in  the  coil,  and  may,  in  fairly  small  chokers  containing  about  100  lbs.  of 
copper,  be  reduced  to  about  0*02  at  100  f\J  and  12  to  15  thousand  volt- 
amperes. 

On  the  table  before  you  is  the  choker  that  has  been  used  in  most  of 
the  tests  on  dielectric  hysteresis  recorded  in  Table  I.  It  contains 
81  lbs.  of  No.  14  copper  wire,  has  a  total  weight  of  92J  lbs.,  an  induc- 
tance of  o*53  henry,  and  a  power-factor  of  0*021  when  warm. 
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Mr.  Mather. 


TABLE    IV.  {Mather.) 
Comparison*  of  12,000  Volt-Ampkre  Chokers. 


Total  Weight       

Weight  per  kilo- volt-ampere 
Loss  at  2,000  volts,  100  CkJ 
Power-factor  „       „  „ 

Cooling  surface  per  watt  ... 


Mr.  Mordey*s 
Choker. 


260  lbs. 

22     „ 

500  watts 

0*041 
1*2  sq.  in. 


"  Ironies* 
Choker. 


Ratio 


92*5  lbs. 

77    M 
250  watts 

0021 

17  sq.  in. 


2-8 
2-8 

2-0 

1-9 

07 


A  comparison  of  the  "  ironless"  choker  with  the  one  described  by 
Mr.  Mordey  is  give.n  in  Table  IV.,  from  which  it  will  be  seen  that  in  the 
ironless  choker  we  have  one  of  not  much  more  than  one-third  the  weight 
of  Mr.  Mordey  s,  having  half  the  loss,  about  half  the  power-factor,  and  a 
greater  cooling  surface  per  watt,  whilst  the  simplicity  of  construction  i^ 
such  that  the  cost  must  be  considerably  less. 

In  predetermining  the  winding,  calculation  gave  the  number  erf 
turns  as  1,367,  and  after  winding  it  was  found  that  1,348  turns  gave  the 
required  inductance.  You  will,  therefore,  see  that  calculation,  taken 
only  to  a  first  degree  of  approximation,  gave  a  result  true  to  within 
I J  per  cent. 

Much  more  might  be  said  on  the  subject  of  chokers  of  fixed  and 
variable  inductance,  but  these  matters  I  hope  to  bring  forward  in  a 
separate  paper,  on  which  I  am  now  engaged. 

My  sincere  thanks  are  hereby  tendered  to  the  following  gentlemen 
for  the  facilities  and  assistance  so  kindly  given  : — Professor  Ayrton  ; 
Mr.  Duddell ;  Messrs.  W.  and  R.  K.  Gray,  Stuart  A.  Russell,  and  Mr. 
Grafton,  of  the  Silvertown  Company ;  Messrs.  T.  and  J.  Callender,  and 
Mr.  Goodman,  of  the  Callender  Cables  Company ;  Mr.  G.  H.  Nisbett.  of 
the  British  Insulated  Wire  Company  ;  Messrs.  C.  P.  Sparks,  J.  Smout, 
and  J.  H.  Butler,  of  the  County  of  London  Brush  Company  ;  Messrs. 
W.  Cramp,  C.  H.  Hainsworth,  T.  L.  James,  W.  Templeton,  and  T.  R. 
Sowerbutts,  my  colleagues  at  the  Central  Technical  College  ;  and  Messrs. 
Ablett,  Blennerhassett,  Duncalfe,  Fasola,  Griffin,  and  Harrold,  students 
of  that  Institution.  My  best  thanks  are  also  due  to  Mr.  Cramp  for  the 
clear  and  effective  way  in  which  he  communicated  my  remarks  to  the 
meeting. 

{Added  February  2$rd,  1901).  Amongst  the  numerical  errors  occur- 
ring in  Mr.  Mordey's  paper  the  following  may  be  particularly 
mentioned  : — (a)  At  the  bottom  of  page  372  the  C"R  loss  in  the  cable 
is  given  as  13*4  watts.  Taking  the  data  given  on  page  373  respecting 
the  resistance  of  the  cable,  I  calculate  that  the  copper  loss  in  the  cable 
when  the  capacity  current  is  6  amperes  amounts  to  35*4  watts,  {b)  On 
page  383,  after  referring  to  the  disproportionality  between  the  largt 
hysteresis  loss  and  the  insignificant  loss  due  to  leakage,  Mr.  Mordey 
goes  on  to  say  that  the  dielectric  hysteresis  loss  is  as  much  as  the 
leakage  loss  would  be  if  the  insulation  resistance  between  inner  said 
outer  conductors  was  9,524  ohms,  instead  of  2,500  megohms.     Sorely 


1901.] 


WORKIXG:   DISCCSSIOX- 


417 


Mr. 

O'Gonnan. 


the  disproportionality  is  not  i^i.-.V  v*  ,C"eat.     Mr.  Mcwxiey  h.i<  in  this   Mr  Matb«f 
case  neglected  his  power-factor 0*124,  for  it  i<  evident  that   io,oix">  volts 
on  9,524  ohms  would  waste  10.500  wan>,  whereas  the  powvr  wa>ted  is 
given  as  1,296  watt>.     The  re>i>tance  corresponding  with   the  waste 
1,296  is  77,000  ohms,  and  not  9.524. 

Further,  insulation  resistances  are, usually  given  after  one  minute's 
electrification  ;  and  it  b  well  known  that  the  insulation  resistance 
decreases  as  time  of  electrification  decreases.  Wlien  subjected  to 
alternating  pressures  of  50  p\J.  the  time  of  electrification  to  be  con- 
sidered is  of  the  order  ^hs  o(  a  second,  and  the  insulation  resistance  of 
a  2,500  megohms  cable  would  be  considerably  less  at  such  short  times 
of  charging.  Experiments  made  some  years  ago  showed  that  rubber 
cables  after  short  periods  of  electrification  had  resistances  from  one- 
third  to  one-fifth  of  their  value  after  one  minute's  electrification. 
The  disproportionalit>*  would,  therefore,  be  more  fairly  ejqiressed  by, 
say,  600  megohms  to  77,000  ohms,  instead  of  by  2,500  megohms  to 
9,524  ohms. 

Mr.  M.  O'GoRMAN*  :  Whether  Mr.  Mordey's  test  or  Professor 
Ayrton's  of  the  energy  losses  on  the  London  and  County  Company's 
cable  was  the  more  accurate  cannot  be  in  any  way  verified  by  tests  on 
any  other  cable  or  condenser,  for  the  following  reason  :  The  work  done 
on  any  commercial  dielectrics  upon  which  any  published  tests  or  experi- 
ments which  I  have  been  able  to  find  have  been  made,  varies  as  the 
square  of  the  potential  difference  established  between  the  two  sides  of 
the  dielectric  in  question. 

These  results  have  been  endorsed  and  quoted  by  Steinnietz,  and 
independently  examined  by  Arno,  Threlfall,  J.  Sahulka  (Wiener  Sitz 
Ber.  vol.  102),  and  recently  quoted  by  Dr.  De  Hoor  in  the  Electrician 
of  February  8th.' 

If  this  is  so,  the  energy  lost  depends  upon  the  distribution  of  poten- 
tial within  the  thickness  of  the  insulation,  and  this  in  turn  depends 
upon  the  grouping  of  the  materials  in  the  various  layers  of  any  indivi- 
dual cable. 

Taking  a  37/15,  which  was  the  size  of  cable  Mr.  Mordey  tested,  and 
giving  it,  for  the  sake  of  example,  the  subjoined  arbitrarily  chosen 
thicknesses  of  dielectric  (rubber)  we  get  a  curve  of  potential  which  is 
approximately  according  to  Fig.  E  for  continuous  and  Fig.  J  for  alter- 
nating pressures,  whereas  if  the  dielectric  were  perfectly  homogeneous 
the  potential  would  be  somewhat  according  to  Fig.  F. 

The  gradient  or  slope  of  potential  is  at  every  point  in  Fig.  E 
indicated  by  the  height  of  the  ordinate  of  Fig.  G,  whereas  in  a  uniform 
dielectric  the  gradient  at  every  point  is  approximately  according  to 
Fig.  H  for  both  continuous  and  alternating  pressures.  The  method  of 
obtaining  these  particulars  and  of  verifying  them  experimentally  I  hope 
to  show  on  a  future  occasion. 

»  Under  the  entirely  uncommercial  conditions  of  a  dielectric  which  has 
been  elaborately  freed  from  air  and  moisture,  Mr.  Threlfall  has  succeeded  in 
reducing  the  energy  wasted  in  a  condenser  to  a  very  large  extent,  but  he  has 
also,  by  making  an  imitation  commercial  dielectric  with  graphite  and  paraffin, 
endorsed  the  above  contention  that  the  energy  varies  as  the  square  or  r6th 
power  of  the  E.M.F. 
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If  we  add  together  the  work  done  on  each  element  of  thickness  on 
a  homogeneous  cable  and  add  together  the  work  done  on  each  element 
on  the  above  heterogeneous  cable,  it  will  be  seen  that  the  ratio  of 
energy  lost  may  be  as  6  to  i  in  one  of  the  above  cases. 

These  considerations  explain  how  it  is  that  Professor  Ayrton  found 
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power-factors  for  different  cables  varying  from  '024  to  '033,  and  there 
seems  no  reason  why  the  power-factor  should  not  reach  and  exceed 
Mr.  Mordey*s  figure  in  many  cables  which  are  actually  in  use  and 
where  no  idea  of  such  losses  is  entertained  by  their  users. 

These  considerations  also  explain  why  the  loss  is  greater  when  the 
curve  of  the  alternating  voltage  is  more  peaky  than  a  sine  cur\  e,  for  the 


1901.] 


WORKING:  DISCUSSION. 


419 


30iP00 


etpoo 


^qpao 


QJSfiOO 

i 


£pO0 


1 


Mr. 

O'Gonnan. 


O       •/      •£     \5     ^     -3     -6      -7     '6     S     /*0 

RAdioM  c/epth  cff  InsuLaMon  in  centimetres. 

Fig.  G. 


.lOfiOO 


5fi00 


i. 


«*i 


S     3    *^    ^5     ^6     ^7     ^ 


#    /*d 


Radial  depth  of  insuUMon in  centimetres. 


Kia.  H. 


490    MORDEY:  CAPACITY   IN  ALTERNATE   CURRENT     [Feb.  14th. 


Mr. 

O' Gorman 


steepness  of  the  gradient  depends  on  the  maximum  pressure  at  ordinan- 
frequepcies.  There  is,  in  fact,  no  reason  why  a  cable  dielectric  should 
not  on  some  occasions  actually  be  broken  down  in  one  layer  while 
being  perfectly  sound  in  another.  This  form  of  breaking  down  wouW 
not  lead  to  a  disruptive  spark  right  through  the  dielectric,  but  wouki 
lead  to  a  phenomenon  similar  to  a  brush  discharge  from  a  wire  in  air. 

When  Mr.  Mordey  at  the  end  of  the  discussion  quoted  Mr.  Kapp  a> 
saying  that  certain  cables  that  he  had  tested  had  become  appreciably 
hot  to  the  touch,  one  could  not  but  surmise  that  a  partial  breakdown  on 
the  above  suggested  lines  was  occurring  in  the  cables  in  question,  and 
that  this  partial  breakdown  had  probably  occurred  in  the  layers  which 
were  close  to  the  lead  sheath,  the  cable  as  a  whole  not  having  been 
raised  in  temperature  by  two  or  three  degrees  Fahr.,  but  only  the  outer 
layers. 

I  would  like  to  suggest  the  ofHcial  abolition  of  the  phrase  "  apparent 
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watts,"  and  the  worse,  because  longer,  phrase  *'  phantom  energy,"  and 
to  suggest  instead  of  an  apparent  watt  not  the  name  a  "  phantom  erg,' 
which  it  is  not,  but  a  "  vamp,"  as  an  abridgment  of  *'  voltamp,"  which 
it  is. 
Mr.  Gray.  Mr.  W.  E.  GRAY  :  I  havc  not  much  to  say,  and  shall  occupy  littk  of 

your  time.  We  have  heard  Mr.  Mordey,  and  I,  at  least,  have  to  thank 
him  for  the  information  he  gives,  by  which  I  hope  to  profit  considerably. 
Professor  Ayrton  and  Mr.  Sparks  have  also  given  us  papers  which  arc 
very  interesting,  as  they  appear  together  to  summarise  general  know- 
ledge up  to  date.  There  is  one  point  on  which  I  differ  >\ith  Mr. 
Mordey  ;  that  is  the  question  of  capacity  on  a  concentric  cable  when 
earthed.  (In  such  a  case  I  do  not  think  the  capacity  of  the  outer  can 
be  ignored  altogether,  when,  according  to  Board  of  Trade  rules,  it  i> 
earthed  at  one  end  only.)  We  have  heard  during  the  discussion  that 
instrument  makers  do  not  know  how  to  make  instruments ;  that  dynamo 
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makers  do  not  know  how  to  make  dynamos  to  work  efficiently  on  a 
distribution  network ;   and,  finally,  that  cable  makers  cannot  design 
cables.     In  fact,  the  discussion,  instead  of  being  concentrated  on  the 
question  of  importance  or  non-importance  of  hysteresis,  has  resolved 
itself  into  a  three-sided  duel.     I  do  not  propose  to  join  in  this.    The 
point  I  wish  to  speak  on  is  that,  when  dealing  with  the  question  of 
capacity  of  dielectrics,  little  should  be  taken  for  granted,  as  there  are 
many  things  to  be  borne  in  mind.    Although  in  this  discussion  rubber 
and  paper  have  been  referred  to  as  dielectrics,  and  a  specific  capacity 
for  each  has  been  quoted,  this  is  not  necessarily  correct ;  indeed,  it  varies 
very  considerably  according  to  the  different  processes  adopted  in  manu- 
facture.   Of  this  there  is  no  doubt ;  consequently  any  statements  which 
presuppose  a  definite  specific  capacity  for  india-rubber  or  paper  as 
manufactured  are  misleading  and  inaccurate  if  too  widely  applied,  and 
I  think  when  making  statements  here  our  professors  should  differentiate, 
as  the  adoption  of  a  "  rule  of  thumb  method "  when  dealing  with  such 
matters  is  not  worthy  of  professors.     In  this  connection  I  think  that 
without  going  too  far  I  could  undertake,  within  certain  limits  of  course, 
to  make  rubber  cables  of  any  capacity.    In  the  same  way  no  doubt  other 
makers  using  different  dielectrics  could  also  make  any  reasonable  varia- 
tion of  capacity  that  might  be  required  ;  but  it  is  another  matter  to 
make  a  cable  whose  specific  capacity  will  not  vary.    Even  in  cases  where 
the  insulation  resistance  remains  quite  constant,  often  the  capacity  will 
vary  to  a  considerable  amount  when  a  cable  is  ageing.    Thus  when 
manufactured  a  cable  may  have  a  specified  insulation  and  capacity, 
and  when  tested  some  years  after,  although  the  insulation  resistance 
may  not  have  varied,  the  capacity  in  many  cases  will  have  changed 
considerably.     It  is  also  possible  to  make  a  cable  which  will  not,  at 
least  for  some  time,  vary  either  in  insulation  resistance  or  capacity.     If 
an  unvar)ring  capacity  is  required,  are  engineers  in  central  stations — 
those  that  design  machinery  or  those  that  teach  how  to  design — pre- 
pared to  say  what  capacity  is  wanted  to  meet   their  requirements  ? 
Apparently  not  yet.     With  regard  to  dielectric  hysteresis,  many  of 
those  who  have  spoken  differ  entirely ;  even  Mr.  Mather  differs  from 
Professor  Ayrton.     Look  at  the  results  obtained  when  Mr.  Mordey 
tested  one  form  of  cable  and  Professor  Ajrrton  with  Mr.  Mather  tested 
another  form  of  cable. 

Professor  Ayrton  :  It  was  the  same  cable. 

Mr.  W.  E.  Gray  ;  Mr.  Mordey  tested  one  form  of  cable  ;  you  tested 
another  form. 

Professor  Ayrton  :  But  it  was  the  same  cable. 

Mr.  W.  E.  Gray  :  I  am  talking  in  another  sense.  You  tested  at 
Silvehown  a  certain  form  of  cable  entirely  different  in  construction 
from  the  one  tested  by  Mr.  Mordey  and  got  totally  different  results,  but 
you  also  got  another  different  result  when  you  tested  the  same  cable  as 
Mr.  Mordey  ;  and,  in  fact,  your  two  tests  on  the  rubber  cables  did  not 
agree.  How  do  you  know  that  you  did  not  make  an  error  in  your 
tests  ?  Is  the  difference  due  to  the  fact  that  you  did  not  take  into 
consideration  the  fact  that  the  forms  of  cable  were  different  ? 

Professor  Ayrton  :  The  last  one  is  the  very  cable  Mr.  Mordey  tested. 


Mr.  Gray. 
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Mr.  Gray,  j^j.^  Gray  :  Yes  ;  but  you  got  a  very  different  result  from  the  other, 

and  your  results  don't  agree. 

[Communicated] :  I  certainly  understood  that  Professor  Ayrton  fir^t 
held  that  the  power-factor  was  so  smaU  as  to  be  negligible,  and  Mr. 
Mordey  pointed  out  thai  it  was  important.  I  cannot  say  whether  or 
not  Mr.  Mordey  exaggerated  the  importance  ;  but,  in  any  case,  as  shown 
by  the  figures  given  by  Mr,  Mather,  it  was  not  negligible.  Professor 
Ayrton  and  Mr.  Mather  got  two  very  different  results  with  the  same 
dielectric  ;  it  appeared  to  me,  therefore,  for  that  reason  and  others,  that 
the  difference  might  be  accounted  for  by  the  difference  in  the  forms 
of  the  cables  te^ed  by  these  gentlemen,  the  one  at  Streatham  and  the 
other  at  Silvertown. 

ThrdSn!^  Professor  R.  Threlfall  :  Mr.  Mordey  has  pointed  out  in  his  paper 

that  he  was  able  to  measure  the  loss  in  a  certain  cable,  and  that  lost, 
he  says,  is  a  dielectric  hysteresial  loss,  on  the  grounds  that  the  conduc- 
tivity and  leakage  losses  could  be  ascertained  and  allowed  for,  and  that 
both  these  sources  of  loss  were  found  to  be  negligible.  With  regard  to 
the  copper  losses,  no  doubt  Mr.  Mordey  is  well  qualified  to  speak,  and 
no  doubt  he  is  also  well  qualified  with  regard  to  the  leakage  losses ; 
but  my  experience  of  leakage  losses  has  been  that  they  are  exceedingly 
subtle  things.  For  instance,  you  may  take  a  film  of  sulphur  which  i> 
composed  partly  of  crystallised  and  partly  of  amorphous  sulphur,  and 
you  may  obtain  any  resistance  within  a  range  of  lo  to  i  according  to 
the  length  of  time  you  apply  the  voltage,  according  to  the  direction  in 
which  you  apply  the  voltage,  and  according  to  the  magnitude  of  the 
voltage.  Therefore  there  is  no  such  thing  in  the  true  ohmic  sense  as 
the  resistance  of  sulphur,  or  of  similar  dielectrics.  In  short,  the  **  resis- 
tance" of  a  dielectric  is  only  definite  under  specified  conditions  erf 
electric  intensity  in  the  dielectric,  direction  of  that  intensity,  and  ^arhok 
previous  history.  It  seems  to  me,  therefore,  that  there  is,  theoreticallv 
at  all  events,  an  absolute  bar  to  the  establishment  of  Mr.  Morxlevx 
position  as  to  the  nature  of  the  losses  observed.  I  believe  there  has 
been  a  great  deal  too  much  readiness  to  talk  about  dielectric  hysteresis. 
In  1892  Mr.  Steinmetz,  by  means  of  a  wattmeter  which  may  or  mar 
not  have  been  correct,  measured  the  loss  in  a  condenser,  and  fe 
referred  to  this  loss  as  due  to  dielectric  hysteresis.  Mr.  Amo,  3r, 
Italian  who  has  done  work  on  the  subject,  referred  to  the  effect  « 
dielectric  hysteresis  as  having  been  established  by  Steinmetz,  I 
hardly  say  from  what  has  passed  this  evening  that  it  was  not 
lished  at  all.  He  might  as  well  have  deduced  "  original 
as  have  deduced  dielectric  hysteresis  from  the  experiment  frocn 
conductance  loss  was  not  really  eliminated.  There  is  genersUhr. 
perhaps  universally,  a  tendency  to  associate  the  heating  losses  in  i 
condenser  supplied  with  alternating  currents  with  those  ph< 
which  have  long  been  known  to  electricians  as  phenomena  csf 
tion,  such  as  are  observed  when  a  condenser  is  being  tested  for 
by  slow-speed  methods.  These  two  causes  of  loss,  as  I  was  able  to  s3 
in  the  years  1896  and  1897  {Physical  Review,  1887),  arc  only  appfroxmuOc! 
related,  at  all  events  if  the  alternating  current  has  a  frequency  o£  30  or  4: 
a  second.    With  regard  to  the  absorption  losses,  so-called,  ^jW^lis  ctf  i1k>*^ 
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are,  I  am  perfectly  certain,  due  to  spreading  over  the  surface  of  the  jJJ^^^ 
dielectric  beyond  the  armatures  and  to  air  discharges,  as  suggested  by 
Lord  Kelvin,  between  the  armature  and  the  dielectric  surfaces.    My 
attention  was  first  called  to  this  by  finding  that  the  residual  charge  in 
sulphur,  in  quartz,  and  in  mica,  all  of  Which  give  exceedingly  low  residual 
charges,  can  be  made  to  give  very  much  lower  ones  by  drying  them  over 
phosphorus  pentoxide  ;  and  I  also  found,  in  making  measurements  by  the 
rotating  field  method  of  the  dielectric  losses  in  solid  dieletrics,  that  it  was 
necessary  to  dry  the  specimens  over  phosphorus  pentoxide  for  days  before 
a  constant  result  was  obtained.     Moreover,  the  method  of  the  rotating 
field  possesses  the  merit  of  avoiding  the  introduction  of  sharp  variation 
in  the  electric  force  at  the  surface  of  the  dielectric,  such  as  occurs  at  the 
edge  of  a  condenser  plate,  and  consequently  gives  results  which  depend 
less  on  the  state  of  the  surface  of  the  dielectric  than  do  the  usual  methods. 
Taking  all  these  things  into  account,  I  believe  that  we  ought  not  to  talk 
about  dielectric  hysteresis  loss  in  such  a  case  as  that  of  the  sheathing  of 
a  cable  where  there  may  be  air  or  moisture,  and  where  the  slightest 
trace  of  air  or  moisture  will,  as  Mr.  Sparks  has  said,  increase  the  loss 
to  an  enormous  extent.    If  you  make  a  condenser  from  which  air  and 
moisture  are  entirely  excluded — ^and  it  may  be  done— then  you  can 
reduce  the  losses  to  a  figiu-e  which  I  hardly  like  to  mention,  so  small  is 
it.     It  is  something  nearer  o*i  than  I'o  per  cent,  at  least  with  a  mixture 
of  paraffin  oil  and  vaseline.    To  obtain  this  result  pure  cellulose  paper 
dried  for  some  time  at  a  temperature  of  130  C,  must  be  employed,  and 
the  dried  paper  must  be  further  treated  in  the  dielecbric  at  that 
temperature  and  under  a  vacuum.    It  is  the  last  thousandth  or  millionth 
of  percentage  of  the  air  and  moisture  originally  present  that  makes  all 
the  difference  between  whether  the  loss  in  a  condenser  used  with 
alternating  currents  is  large  or  small.    That  is  a  fact  which  I  published 
in  America  and  in  this  country,  and  apparently  I  have  utterly  failed  to 
reach  my  audience.    I  do  not  believe  there  is  a  man  in  this  room 
except  myself  who  is  aware  of  it,    Mr.  O'Gorman  holds  up  his  hand, 
but  I  cannot  include  even  him,  as  he  misquoted  me  just  now.     I  under- 
stood him  to  say  that  the  loss  in  a  dielectric — according  to  me — is  in 
proportion  to  the  square  of  the  electric  force. 

Mr.  O'Gorman  :  I  think  you  stated  that  to  be  the  case  in  the  Physical  oGorman. 
Review  in  1807.  _   , 

___  Professor 

Prof.  Threlfall  :  No.    The  losses  are  proportional  to  the  internal   ThrdfaU. 
electric  force  raised  to  some  power  between  1*5  and  vg.     In  ordinary 
dielectrics  the  index  only  reaches  the  value  of  2  when  you  make  a 
dielectric  purposely  heterogeneous  by  mixing  graphite  in  paraffin  to 
such  an  extent  that  you  probably  get  conductivity  losses.    With  regard 
to  the  table  which  Mr.  Mordcy  has  so  valorously  prepared,  I  am  afraid 
he  is  foredoomed  to  disappointment  if  he  expects  it  to  apply  generally. 
My  reason  is  this.    I  will  merely  mention  this  fact    I  have  taken  a 
ladle  full  of  jnelted  resin  and  from  it  I  have  cast  spheres  for  investiga- 
tion.   The  spheres  have  been  cast  one  after  the  other,  the  resin  not  even 
requiring  to  be  re-heated  between  the  separate  castings  ;  and  among 
the  spheres  so  cast  the  dielectric  losses  have  varied  by  some  hundred 
per  cent.    Summing  up  the  matter  we  may  say — (i)  There  is  such  a 


424     MORDEY  :   CAPACITY   IN    ALTERNATE   CURRENT     [Feb.  14lh, 

TSdfa?r  t^^^^S  ^^  "  dielectric  hysteresis,"  «.<:.,  when  a  small  volume  of  dielectric 
is  carried  round  a  cycle  of  electric  force,  some  of  the  energy'  of  electrifi- 
cation is  dissipated.  (2)  The  laws  connecting  this  dissipation  with  the 
electric  force,  rate  of  passing  through  the  cycle,  &c.,  are  perfectly 
fixed  and  definite  for  each  volume  of  dielectric.  (3)  It  is  practically 
impossible,  however,  to  find  or  prepare  two  small  pieces  of  any  given 
dielectric  which  shall  have  even  approximately  the  same  properties  in 
regard  to  the  dissipation  of  energy.  (4)  The  cause  of  the  dissipation  of 
energy  is  not  known  ;  but  Maxwell's  suggestion  as  to  heterogeneity 
being  possibly  the  cause,  is  shown  by  experiment  to  be  most  probably 
an  insufficient  explanation. 

[CommunicaiecQ  :  Though  properly  unwilling  to  take  up  the  time  of 
the  meeting  with  such  a  nij^tter,  I  feel  that  I  must  add  a  note  in  regard  to 
a  criticism  of  a  statement  of  mine  about  condenser  efficiencies  which 
has  been  made  by  Messrs.  Rosa  and  Smith  {Phil.  Mag,,  vol.  xlvii.  p.  19). 

In  the  Physical  Review,  vol.  iv.  p.  458,  and  for  the  sake  of  illustration 
merely,  I  compared  the  efficiency  of  one  of  my  specially  prepared  con- 
densers with  the  efficiency  found  by  Mr.  Bedell  and  others  for  a  waxed 
paper  condenser.  The  comparison  I  made  was  based  on  the  relative 
rise  in  temperature  in  the  two  condensers  working  under  different  but 
specified  conditions.  To  make  this  comparison  I  assumed  that  "the 
condensers  were  roughly  similar  both  as  regards  capacity  for  heat  and 
for  electricity.  Messrs.  Rosa  and  Smith  point  out  that  unless  the  ratio 
of  the  thermal  to  the  electric  capacity  was  the  same  in  both  cases,  the 
reasoning  would  be  fallacious ;  and  they  then  go  on  to  show  that, 
assuming  this  ratio  to  have  the  value  nine  in  one  case  and  one  in  the 
other,  the  performance  of  the  condenser  would  be  less  satisfactory  than 
I  stated. 

My  reason  for  referring  to  the  matter  at  all  is  that  I  think  thai 
anybody  reading  Messrs.  Rosa  and  Smith's  paper  would  come  to  the 
conclusion  that  the  losses  reported  by  me  were  less  than  they  ought  to 
have  been  ;  in  fact,  that  I  underestimated  these  losses,  and  also  b\* 
implication  that  it  is  not  possible  to  make  as  good  a  condenser  as  I  have 
made.  This  would  be  a  misfortune,  and  on  this  account  I  wish  to 
explain  how  the  matter  really  stands.  I  need  hardly  say  that  of  counrfi 
I  entirely  agree  with  Messrs.  Rosa  and  Smith's  criticism,  which  is 
perfectly  just,  and  the  cause  of  the  misunderstanding  is  entirely  on  my 
side.  While  writing  the  passage  in  question  I  thought  it  would  be 
interesting  to  make  a  rough  comparison  with  the  results  attained  by  Mr. 
Bedell,  but  I  certainly  never  expected  such  a  comparison  to  carry  weight 
I  had  measured  the  loss  in  the  condenser  referred  to  by  a  ikemial  ntitkod 
very  similar  to  the  one  afterwards  used  by  Messrs.  Rosa  and  Smith  and 
for  the  same  reasons,  but  I  had  not  considered  the  matter  of  sufficient 
importance  for  publication.  Indeed  the  loss  was  so  small  that  my 
calorimetric  method  would  have  been  inaccurate,  and  the  loss  wa> 
ascertained  by  comparing  the  temperature  rise  in  the  case  in  question 
with  the  rise  under  similar  circumstances  of  a  less  well-made  but  other- 
wise similar  instrument  which  had  itself  been  subject  to  investigation 
by  the  calorimetrical  method.  The  result  of  this  comparison  wab  to  show 
that  the  condenser  wasted  less  than  o*i  per  cent,  of  the  energy  a 
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received  :  how  much  les.s  I  don't  know.  Now,  in  writing  the  passage  ^j^^^,^ 
which  is  the  subject  of  discussion,  I  found  that  the  loss  roughly  (and,  as 
Messrs.  Rosa  and  Smith  show,  illegitimately)  deduced  from  the  comparison 
with  Mr.  Bedell's  work  came  out  at  0*05  per  cent.,  and,  this  being  about 
the  value  which  I  already  knew  to  be  correct,  I  neglected  to  go  on  to 
state,  as  I  ought  to  have  done,  that  I  had  made  an  independent  measure- 
ment. I  consider  it  well  worth  knowing  that  it  is  possible  by  following 
the  instructions  (given  in  my  little  book  on  Laboratory  Arts)  to  prepare 
a  condenser  which  will  not  heat  appreciably  on  alternate  current  circuit, 
even  though  the  condenser,  when  tested  by  charges  of  long  duration, 
shows  the  phenomena  of  absorption. 

The  condensers  I  have  made  have  been  constructed  from  filter  paper : 
I  have  not  until  recently  had  command  of  the  special  papers  which  are 
used  in  making  artificial  cables,  and  which,  if  they  will  stand  the  treat- 
ment, I  should  expect  to  be  even  better.  As  a  dielectric  I  know  nothing 
better  than  vaseline  or  a  mixture  of  vaseline  and  paraffin.  This  is  more 
convenient  than  burning-oil,  because  it  allows  one  to  attain  a  tempera- 
ture of  130  C.  without  volatilising  much.  No  doubt,  however,  any  good 
hydrocarbon  oil  satisfying  this  condition  would  do  equally  well.  It  is» 
in  general,  better  to  use  two  thin  sheets  of  paper  than  one  thick  one,  in 
order  that  if  there  is  a  fault  anywhere  in  one  sheet  we  may  have  the  other 
to  depend  upon.  The  purest  white  filter  paper  has  been  found  to  do 
well ;  but  the  beginning  and  end  of  the  matter  is  getting  rid  of  air  and 
moisture. 

Mr.  T.  H.  MixsHALL :  The  figures  in  the  accompanying  tables  show  JJfnghau 
the  results  of  some  experiments  made  at  Croydon  since  the  previous 
meeting.    They  were  devoted  more  particularly  to  ascertaining  three 
points  :  (i)  The  effect  of  wave  form  on  the  quantity  of  the  capacity- 
current  ;  (2)  The  power-factor  of  the  cables  with  different  wave  forms  ; 
and  (3)  The  effect  on  the  capacity-current  of  a  small  load  at  the  end  of 
a  cable.    We  started  with  the  idea  of  proving  that  Mr.  Mordey's  figures 
were  wrong  and  ever  so  much  too  high.    The  first  thing  I  did  was  to 
take  the  various  wave  forms  of  three  different  sizes  of  machines  under 
various  conditions  of  load,  and  they  gave  the  various  currents  shown  in 
Table  I.    The  machines  were  all  by  the  same  maker,  and  the  various 
wave  forms  shown  in  Fig.  K  have  been  sketched  from  observations  on 
the  oscillograph.  As  regards  the  watts,  the  wattmeter  readings  probably 
vary  slightly  with  different  wave  forms ;  but  there  can  be  no  doubt 
whatever  with  regard  to  the  current  readings,  as  they  were  taken  with 
Siemens  dynamometers.  The  impossibility  of  calculating  capacity  by  the 
usual  formula  is  shown  by  the  fact  that  on  machines  of  the  same  type 
we  got  capacity-currents  varying  from  2*67  amperes  to  1*85,  which  latter 
is  the  capacity-current  given  by  the  500-kw.  machine.     The  differ- 
ences  shown,  confirm  what  was,  of  course,  well  known,  and  what 
Mr.  Mordey  has  already  mentioned — namely,  that  it  is  impossible  to 
make  a  commercial  test  of  capacity  unless  you  have  some  means  of 
making  perfectly  certain  that  you  have  a  sine  wave.    As  a  matter  of 
fact,  it  is  only  by  using  a  copper-cored  machine,  such  as  a  Mordey 
alternator,  and  a  good  cable  that  you  can  possibly  get  a  good  wave. 
That  probably  accounts  for  the  fact  of  Mr.  Mordey's  figures  agreeing 
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Mr. 

MinthaU. 


Wave  Forms  Applied  to  Cable. 


30  kw.  Alttrnator 
on  Cabl« 


Experiments  Not.  I.  9. 
3.  15.  19  and  20. 


90  kw.  Alltrnator 
load  20  kw 


Experiments  Noe.  < 
7,  16  and  21 


30  kw.  Alternator 
Load  30  kw. 


Experiment  Na  6 


30  kw.  Alternator 
Rectifier  Load 


ttp^rimmnt  No.  B 


Experiment*  No*.  8, 
9.  17.  22  and  23 


120  kw.  AlUmator 
on  Cable 


Expor1in«ft«  Na  M 


120  kw.  Alternator 
Load   Sftkw. 


Experiment*  No*.   II, 
12.  13.  18  and  24 


120  kw.  Alternator 
Load  60  kw. 


120  kw.  Alternator 
Lood  90  kw. 


1901.]  WORKING:   DISCUSSION.  427 


Experiment  Na  |4 


600  kw.  Alternator 
on  Cable 


approximately  with   the  calculated  capacit}'.   '  If  you  have  machines 
like  those  at  Croydon  you  do  not  get  a  sine  wave,  as  you  see.    The 
next  thing  we  did  was  to  measure  the  power-factor  of  the  cable. 
It  has  been  said  by  Dr.  Sumpner  that  a  cable  cannot  be  got  with 
a  power-factor  of  'i,  as  the  author  found.    I  do  not  want  to  say 
anything  as  to  how  that  figure   has  been  got  by  the  author,  but  I 
am  inclined  to  think  that     the   discrepancy  between  the  statements 
of   Professor  Ajrrton  and  Dr.  Sumpner,  on  the  one  hand,  and   Mr. 
Mordey's  and  my  own  figures  on  the  other,  is  due  to  the  fact  of  the 
variation  of  insulation  resistance   and  the  absorption   factor  of  the 
dielectric  mentioned  by  the  last  speaker  not  being  taken  into  account. 
The  cable  to  which  these  figures  refer  has  a  low  insulation  resistance. 
Mr.  Mordey  did  not  mention  what  his  insulation  resistance  was ;  but 
the  condensers  used   by  Dr.   Sumpner   probably  have  an  insulation 
resistance  of  many  hundreds  of  megohms.    As  the  dielectric  hysteresis 
is  believed  to  be  a  function  of  the  insulation  resistance,  the  discrepancy 
is  not  surprising.     As  a  matter  of  fact,  these  watts  measured  differ 
according  to  the  wave  forms.    The  readings  on  this  cable  were  taken 
with  two  Swinburne  wattmeters,  and  also  with  two  Thomson's  inclined 
coil  instruments.   AU  the  readings  in  the  first  table  have  been  checked, 
and  these  four  instruments  agree  within  3  per  cent.  One  wattmeter  has 
been  specially  checked  upon  low  power-factors  at  the  Central  Institution, 
and  the  agreement  of  this  instrument  and  the  other  three  on  inductive 
and  non-inductive  load  is  remarkably  close.    Of  the  four  instruments, 
half  the  tests  were  taken  with  a  20,000-ohm  coil  in  the  shunt  and  half 
with  a  bank  of  lamps.  We  got  a  power-factor  of  0*1,  due  possibly  partly 
to  the  fact  of  our  cable  having  an  insulation  resistance  of  only  half  a 
megohm.    This  is  not  so.    I  have  since  obtained  the  same  results  with 
an  insulation  of  50  megohms.    It  has  been  used  for  two  years  as  a 
2,000-volt  cable.    As  a  matter  of  fact,  makers  are  making  very  much 
lower  insulation  resistances  than  formerly.    The  consulting  engineers 
are  trying  to  keep  them  up  ;  but  the  cable-makers,  of  course,  are  trying 
lo  keep  tliem  down.     Once  you  get  them  lower,  you  avoid  a  lot  of 
trouble.    With  our  5,000-volt  cable,  by  having  much  lower  insulation 
resistance  than  before,  we  have  avoided  a  lot  of  trouble.    I  see  no 
reason  lo  doubt  any  of  these  figures  ;  we  have  checked  them  in  every 
possible  way  by  many  methods.    I  have  had  the  assistance  of  Mr. 
Duddell;  and  we  have  gone  most  carefully  into  the  question  in  every 
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way.  As  a  further  check  I  have  made  the  test  which  Dr.  Fleming 
suggested,  viz.,  using  a  motor-generator.  I  took  particular  ste|>s  to 
avoid  changing  the  efficiency  of  the  machine  due  to  the  low  power- 
factor  of  load  by  loading  up  the  motor  generator  with  a  large  non- 
inductive  load.  Then  I  measured  the  increase  in  the  D.C.  watts  taken 
when  the  cable  was  switched  on.  The  increase  was  almost  exactly  the 
mean  of  the  results  shown  in  Table  I.  Then,  with  regard  to  the  other 
question  of  running  a  machine,  I  entirely  agree  that  capacity  in  cables 
is  a  very  good  thing  indeed  in  power  systems,  and  the  capacity*  hsa, 
helped  us  to  improve  the  power-factor  of  arc  lamps.  I  have  taken  the 
same  machine  running  on  each  one  of  the  various  wave  forms,  and  find 
that  a  very  small  load  at  the  other  end  of  the  cable  reduces  the  capacity- 
current  taken  by  the  cable  ver>'  considerably.  This  is  seen  in  the  lower 
part  of  Table  II.  Another  experiment  was  undertaken  to  show  that 
with  a  certain  wave  form  and  suitable  capacity  and  non-inductive  load 
at  the  other  end  of  the  circuit,  you  may  actually  have  fewer  amperes 
entering  in  the  cable  than  you  get  out  at  the  other  end.  That  is  not 
a  kind  of  perpetual  motion,  but  merely  a  phase  shifting — ^that  is  to 
say,  under  certain  conditions  by  increasing  the  capacity  in  the  cable 
reduce  the  current  entering  in. 

Table  III.  shows  another  advantage  due  to  capacity — /.<•.,  the  marked 
decrease  in  exciting  energy  required  for  the  machines. 
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TABLE   I.  (Afinshall) 
Losses  in  V.B.  Concentric  Cable. 


Mr. 

Mioshall. 


Length  of  Cable,  7,460  yards. 

Section  of  Conductors,  0*10"  Concentric. 

Total  Insulation  Resistance,  0*5  Megohms. 


Machine 
running. 

Input  at  Station  end 

Watts  wasted  in 

Cable. 

Xa  of 
Experi- 
ment. 

1 

of  Cab' 

C.        Watts. 

1 
1 

le. 

P.F. 

CaRdueto 

Capacity 

Current 

(approx.) 

Leakage 

Losses 

(approx.) 

Dielc 
Hysts. 
Losses. 

1 

I 

(    30  kw.     ) 
i    Alter,     f 

244 

1 

459 

0092 

14 

8 

425 

\ 

2 

II 

2-35 

489 

OIOI 

13 

8 

468 

i          3 

II 

237 

505 

0103 

13 

8 

484 

4 

i» 

218 

459 

01 02 

II 

8 

428 

i 

5 

II 

203 

420 

0100 

10 

8 

402 

11 

6 

II 

2-41 

499 

0*101 

14 

8 

477 

1  0 

0 

7 

n 

2-10 

431 

0100 

II 

8 

412 

•0 

8 

f  120  k\v.  ) 
t     Alter.    ) 

214 

388 

0-088 

II 

8 

354 

9 

II 

207 

459 

0108 

10 

8 

441 

0 

0 

10 

II 

267 

551 

0100 

17 

8 

526 

^: 

11      1 

II 

234 

367 

0076 

13 

8 

334 

J2 

228 

469 

0100 

13 

8 

451 

13 

II 

2-29 

507 

0108 

13 

8 

486 

14 

'  500  kw.  ) 
Alter.    1 

1-85 

384 

O'lOI 

9 

8 

367 

1 

NoTKS  : -Swinburne  Wattmeter  («)  with  Potentiometer  consisting  of  lamp 
bank. 
Swinburne    Wattmeter    {b)    with    20,000    Resistance    direct    on 

2,000  volts. 
Thomson  Wattmeter,  No.  9,608  with  Potentiometer. 
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Experiment 
Xo. 

1 
Difference 
between 
current  put  in 

and  useful 
current  leaving. 

1 

Experiment 
No. 

Difference 

between 

current  put  in 

and  useful 
current  leaving. 

15 
16 

17 
18 

19 
20 

144 
1*26 
1*19 

1*34 

1*59 
1-46 

21 
22 

23 

24 

25 
26 

27 

i 

1*33 

1-28 

1*35 
1*47 

-  072 

-052 

-  0-60 

Mr. 

Minshall. 


TABLE   III.   {Minshall.) 


Machine  Running. 

Voltage  01 
Cable, 

30  kw. 

Alternator 

10,000 

M          »» 

5,000 

»»          l» 

2,000 

120        „ 

10,000 

»»          >» 

5.000 

It          »l 

2,000 

Exciting  Current  for  Constant  Voltage 
reduced 


5*8  amperes 
5*8        „ 
5-8 


175 
I7'5 
17-5 


»» 


»» 


>» 


V 


to 


2*5  amperes 


47 

54 
132 

i6-o 
17-3 


»» 


If 


»» 


f» 


»» 


Mr.  G.  C.  Fricker  (communicated) :  The  very  animated  discussion 
on  Mr.  Mordey's  paper  is  the  best  testimonial  to  its  value.  Whether 
the  results  obtained  by  him  as  to  the  losses  in  the  dielectric  of  cables  are 
right  or  wrong,  he  has  certainly  established  the  fact  that  there  is  a  loss 
well  worthy  of  study,  and  has  brought  home  that  fact  in  a  direct  and 
practical  way  which  practical  men  will  appreciate.  I  am  not  in  a 
position  to  contribute  the  results  of  any  tests  of  my  own  on  this  point, 
and  indeed  the  results  obtained  by  the  various  experimenters  which 
have  been  already  brought  before  the  Institution  are  sufficiently  con- 
flicting to  justify  considerable  scepticism  as  to  the  utility  of  the  methods 
or  instruments  employed.  I  would  like,  however,  to  suggest  that  useful 
information  is  likely  to  be  got  on  the  subject  by  making  tests  at  various 
frequencies  and  carrying  these  up  as  high  as  possible. 
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482    MORDEY:  CAPACITY  IN  ALTERNATE  CURRENT     [Feb.  14th, 

Mr.  Fricker.  From  the  known  properties  of  dielectrics  in  delaying  the  discharge 
of  a  condenser^  it  is  obvious  that  the  power-factor  must  increase,  and, 
I  should  imagine,  increase  rapidly  with  the  frequency  of  the  alternator. 
The  condenser  may  be  considered  as  having  a  periodic  time  of  its 
own,  and  just  as  a  friction  less  pendulum  could  swing  in  its  own  periodic 
time  without  the  expenditure  of  power,  but  would  require  energy  at  any 
accelerated  rate,  so  must  work  be  done  on  the  dielectric  in  order  forcibly 
to  discharge  it  synchronously  with  the  periodic  time  of  the  alternator. 
I  should  therefore  expect  to  find  the  power-factor  for  high  frequencies 
go  up  to  a  figure  even  considerably  higher  than  that  given  by  Mr. 
Mordey,  and  I  think  that  by  carrying  out  such  experiments  the  exact 
characteristic  curve  of  the  discharge  could  be  found  and  data  deduced 
which  would  materially  assist  us  in  the  right  choice  of  a  frequency. 

On  the  latter  part  of  Mr.  Mordey's  paper  I  have  only  congratulation 
to  offer,  because  I  think  his  device,  although  doubtless  perfectly  wdl 
understood  in  principle  beforehand,  is  worked  out  in  quite  a  unique 
way,  and  the  intentional  and  intelligent  balancing  of  capacity  and 
inductance  as  carried  out  here  is  a  very  different  thing  from  the  gena^ 
sort  of  feeling  of  satisfaction  a  station  engineer  may  have  because  he 
finds  his  transformers  help  to  keep  down  "surging"  in  his  mains,  or 
the  capacity  of  his  mains  helps  to  diminish  his  magnetising  current. 

Mr.Sayers.  Mr.  H.  M.  Sayers  {contMunicated) :  Mr.  Mordey  merits  the  thanfcs 

of  electrical  engineers  for  bringing  before  the  Institution  some 
important  aspects  of  alternate  current  working  not  hitherto  ade- 
quately dealt  with  from  a  practical  point  of  view.  Whether  he  did 
or  did  not  measure  correctly  the  dielectric  losses  in  the  County 
Company's  cable,  his  statements  have  stirred  up  a  useful  discussion, 
and  brought  to  our  notice  what  are  virtually  to  the  average  engineer 
"  new  facts."  The  difficulty  in  accurately  measuring  loads  of  v^ry  low 
power-factor ;  the  influence  of  wave  form  on  capacity-current  (which 
I  suggest  should  be  called  "displacement"  current — the  "capacity" 
of  a  cable  is  so  generally  used  as  meaning  current-canying  capacity, 
that  a  new  word  seems  needed)  are  among  these.  He  has  also  made 
known  an  engineering  application  on  a  large  scale  of  magnetising  or 
lagging  current  to  neutralise  a  leading  or  displacement  current.  These 
results  deserve  the  thanks  of  working  engineers  at  least,  and  it  is 
difficult  to  see  in  the  paper  any  adequate  excuse  for  the  aggressivt 
tone  adopted  towards  him  by  some  of  his  critics. 

Choker  compensation  for  displacement  current  will  find  practical 
employment  in  cable  testing,  especially  in  testing  cables  at  high 
pressures  after  laying  them.  In  illustration,  I  may  mention  that  I 
have  in  use  for  this  purpose  a  motor-generator  set,  the  alternator 
armature  of  which  has  to  carry  a  current  of  3  amperes,  at  2,000 
volts  alternating.  It  is  thus  a  6  K.W.  machine  working  on  a  maximum 
load  of  perhaps  100  watts.  This  seriously  impairs  its  portability,  and 
made  its  cost  relatively  heavy.  To  test  a  few  miles  of  conccntnc 
trunk  main  at  10,000  volts  has  involved  the  use  of  large  alternators 
and  transformers ;  and  resort  has  been  necessary  to  such  devices  a^ 
cutting  down  the  frequency  and  other  makeshifts.  Adjustable  choken 
should  in  future  largely  reduce  these  inconveniences.    Though  irouless 
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chokers  will  give  closest  compensation,  they  are  not  readily  adjustable,  Mr.  Sayers. 
and  probably  iron  circuits,  with  variable  gaps,  will  be  found  most  con- 
venient. I  have  not  met  with  any  alternating  distributing  system  in 
which  the  leading  current  preponderates  even  at  lightest  loads.  The 
improvement  in  transformer  no-load  losses  (in  which  Mr.  Mordey 
has  taken  a  good  part),  and  the  rapid  displacement  of  the  small  "  house  " 
transformer,  have  tended  in  this  direction,  but  evidently  Mr.  Mordey 
has  found  one  case  which  may  be  typical.  I  suggest,  however,  that 
excess  in  this  direction  should  be  guarded  against  by  specifying  for 
maxima  displacement  currents  in  the  cables  under  definite  conditions 
of  frequency  and  voltage — a  course  I  have  taken  in  several  cases.  The 
specification  of  waveform  to  be  used  in  such  tests  seems  hardly  necessary, 
as  any  probable  departure  from  a  sinusoidal  curve  can  only  increase 
the  displacement  current.  I  have  met  with  serious  trouble  in  mains, 
apparently  due  to  resonance.  Repeated  instances  of  extensive  cable 
break-downs  occurred,  each  case  marked  by  many  faults  appearing 
simultaneously.  On  each  occasion  these  took  place  during  the  daytime 
with  light  load.  As  the  full  load  voltage  was  quite  lo  per  cent,  higher 
than  that  during  daylight,  this  seemed  strange.  But  the  full  load 
frequency  was  about  90  (\J ,  whilst  during  the  da)rtime  it  was  often  70, 
or  even  lower.  Direct  measurement  of  the  capacity  of  scores  of  miles 
of  mains  connected  to  hundreds  of  transformers  was,  of  course, 
impossible ;  but  calculations  based  on  probable  values  showed  that 
resonance  conditions  were  quite  probable  at  the  lower  frequency. 
Also  voltmeter  records  showed  a  distinct  upward  kick  just  before 
one  of  the  failures.  I,  therefore,  increased  the  low-load  frequency, 
and  no  more  wholesale  failures  occurred.  The  cables  in  this  case  were 
mostly  single  rubber,  not  sheathed,  lying  in  rather  large  pipes,  and  their 
capacity  would  vary  materially  with  different  conditions  of  wetness  in 
the  pipes.     Hence  the  trouble  was  not  constant. 

It  will  probably  be  found  that  resonance  conditions  are  likely  to  be 
approached  in  practice  as  frequency  is  reduced,  and  the  point  must  be 
considered  in  designing  large  distributing  systems  at  high  pressures. 

There  is  one  source  of  dielectric  loss  in  cables  under  alternating 
pressures  which  has  not  been  mentioned  clearly  in  the  discussion,  but 
should  be  considered.  It  is  due  to  variable  specific  inductive  capacity 
in  successive  layers  of  the  dielectric.  Neglecting  the  ohmic  resistance 
— the  slope  of  potential  across  each  layer  is  inversely  proportional  to  its 
specific  capacity.  If  this  quantity  and  the  dielectric  strength  are  both 
low  (as  in  a  gas  for  example),  sparking  may  occur  across  such  a  layer. 
Hence  air  spaces  may  increase  the  dielectric  loss,  and  even  where 
sparking  does  not  occur  some  molecular  disturbance  of  a  lower  order, 
a  kind  of  electrolysis,  perhaps,  may  take  place.  This  may  lead  to  slow 
deterioration  of  the  material.  The  porosity  of  rubber,  and  the  unfor- 
tunate experiences  in  some  places  with  rubber  cables,  may  be  due  to 
one  or  both  of  the  causes  above  suggested.  The  heating  in  German 
multiphase  cables,  reported  by  Mr.  Kapp,  may  possibly  be  accounted  for 
by  their  construction.  The  three-core  twisted  form  with  fibrous  packing 
may  well  have  air  layers  between  the  individual  cores. 

When  single  rubber  cables  are  used  as  2,000  volt  alternate-current 
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Mr.  Sayere.  leads,  minute  sparks  pass  between  their  exteriors  when  brought  into  Kfjit 
contact.  For  this  reason  the  Board  of  Trade  has  required  such  cables  to 
be  lapped  with  metallic  foil  where  passing  through  boxes  and  transformer 
pits,  to  prevent  ignition  of  escaped  gas.  With  4,000  volts  the  sparks 
are  both  visible  and  audible.  This  air*gap  sparking  will  cause  faults  in 
rubber  cables  in  a  comparatively  short  time,  and  when  taking  "  inner " 
conductors  of  concentric  rubber  mains  (the  "  outers"  being  earthed) to 
switch  or  transformer  terminals,  I  have  found  it  imperative  to  keep  the 
rubber  well  away  from  earthed  metal,  or  else  to  wrap  it  closely  with 
earthed  foil  or  strip.  The  close  contact  apparently  afEords  sufl&dent 
paths  for  the  current  to  prevent  the  sparking  across  air-gaps. 

These  facts  show  that  disruptive  breakdown  of  insulating  layers  of 
low  specific  capacity  occurs  under  practical  conditions  even  with  only 
2,000  volts  alternating.  The  losses  due  to  them  are  of  the  nature  of 
leakage,  but  would  not  be  apparent  under  continuous  pressure  tests  jls 
usually  made.  Such  effects  may  account  for  some  of  the  apparently 
large  variations  in  cable  dielectric  power-factors.  The  behaviour  of 
glass,  mentioned  by  Mr.  Swinburne,  may  be  due  to  electrostatic 
heterogeneity,  that  substance  being  a  mixture  of  divers  silicates. 

I  would  suggest  that  the  dielectric  power-factor  may  prove  to  be  a 
valuable  indicator  of  the  probable  durability  of  cable  dielectrics  for 
alternating  pressures,  and  that  an  interesting  question  bearing  on  this 
and  well  worth  investigation,  is  whether  the  power-factor  varies  with 
different  pressures.  If  in  any  particular  material  it  increases  faster 
than  the  pressure,  this  may  well  be  due  to  heterogeneity  and  an  indi- 
cator of  rapid  deterioration.  Our  present  information  as  to  dielectric 
permanency  under  alternating  pressures  is  confined  to  a  very  few 
materials  suitable  for  cable  insulation,  has  been  purchased  at  a  high 
price,  and  is  only  capable  of  extension  by  costly  and  lengthy  experience 
unless  some  such  test  as  that  now  suggested  should  be  found  to  give 
reliable  guidance. 

In  respect  to  the  measurement  of  these  very  small  power-factors,  it 
would  seem  that  an  electrostatic  wattmeter  could  be  devised  free  from 
the  sources  of  error  which  are  inseparable  from  wattmeters  of  the 
dynamometer  type — since  every  current  producing  a  field  must  have 
some  lag.    Such  an  instrument  would  meet  a  want. 

In  paper  cables  I  have  found  a  somewhat  marked  discrepancy 
between  the  capacity  tested  by  the  usual  ballistic  method  and  the 
results  of  displacement  currents  at  high  voltages  and  frequencies. 
Rubber  cables  have  shown  a  much  closer  agreement.  My  oppor- 
tunities of  comparison  have,  however,  been  few,  and  insufficient  to 
serve  as  a  basis  for  a  general  statement.  The  tests  were  made  witli 
alternators,  giving  nearly  sine  curves.  The  much  larger  displacemenl 
currents  due  to  E.M.F.  curves  roughened  by  strong  harmonics,  or 
sharply  peaked,  are  obviously  due  to  the  real  frequency  being  higher 
than  that  of  the  fundamental  in  the  one  case,  and  to  the  maximum 
P.D.  being  higher  in  terms  of  the  virtual  P.D.  in  the  other  case. 

This  difference  is  favourable  to  alternators  giving  sine  curves,  the 
virtues  of  which  seem  to  be  rather  better  appreciated  now  than  they 
were  a  few  years  since,  when  it  was  fashionable  to  belaud  iron  armature 
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alternators,  despite  their  irregular  and  steeple-like  E.M.F.  curves,  poor   Mr.  Sayrrs 
characteristics,  and  rather  low  efficiency.    That  they  could  be  **  short- 
circuited  with  impunity''  appeared  then  to  be  the  only  virtue  that 
counted. 

On  the  important  question  of  the  cost  of  producing  the  displacement 
current,  my  experience  is  that  a  generating  set  cannot  be  run  at  full 
voltage  for  less  than  about  20  per  cent,  of  the  cost  of  running  it  fully 
loaded.  It  follows  that  "phantom"  watts  are  relatively  expensive, 
whether  due  to  lagging  or  leading  currents.  The  former  are  worse 
because  greater  excitation  is  needed  for  a  lagging  than  for  equal  leading 
current.  Hence  any  practicable  device  for  reducing  the  "idle 
current,"  whether  leading  or  lagging,  may  have  a  considerable  value 
to  alternating  supply  systems.  The  condenser  has  been  long  ago 
suggested  to  cancel  the  lagging  current,  but  a  commercial  form  does 
not  seem  to  arrive.  The  choker  for  the  leading  current  may  have  a 
better  chance.  It  is  not  to  the  point  that  one  adds  choker  losses  to 
condenser  losses  ;  if  these  two  can  be  supplied  by  running  a  small 
unit  instead  of  a  large  one,  the  saving  in  cost  of  running  will  quite 
outweigh  the  little  extra  energy  wasted  outside  the  alternator,  and  even 
the  total  energy  \vasted  will  probably  be  much  smaller. 

Even  in  the  extreme  cases  cited  by  Mr.  Mordey,  the  dielectric  losses 
are  not  a  large  fraction  of  the  total  energy  transmitted  by  the  supposed 
cables,  if  their  load-factor  is  a  reasonably  good  one,  and  it  is  certain 
that  good  load-factors  are  indispensable  to  the  commercial  success  of 
long-distance  transmission  undertakings  under  usual  conditions.  Where 
this  is  not  the  case  (as  in  some  of  Professor  Forbes'  suggested  instances) 
transmission  losses  will  be  of  trifling  importance. 

An  instrument,  fit  for  a  central  station  switchboard,  which  would 
show  phase  difference  and  its  sign,  at  any  moment,  for  the  whole  load 
of  the  station,  any  feeder  or  alternator  would  fill  an  empty  place  very 
acceptably.  Professors  and  instrument  makers  have  here  an  oppor- 
tunity of  added  usefulness.  The  oscillograph  is  hardly  the  tool  for 
such  work  obviously,  though  its  power  to  investigate  some  of  the 
problems  of  alternate-current  work  would  seem  to  be  great,  and 
useful  results  should  soon  make  themselves  evident. 

Mr.  Stuart  A.  Russell  {communicated) :  Mr.  Mordey's  paper  may  Mr^ 
be  divided  into  two  parts — first,  that  which  deals  with  the  wattless  con- 
denser current,  and  the  means  by  which  this  current  can  be  provided 
wthout  calling  on  the  generator  to  supply  it ;  and  secondly,  that  which 
deals  with  the  hysteresis  loss  in  the  dielectric.    With  regard  to  the 
first  we  have  been  told   in   the  discussion  that  the  paper  contains 
nothing  new  or  which  was  not  known  to  many  people  ten  years  ago. 
This  may  be  so  ;  but  those  who  knew  do  not  appear  to  have  been  able 
to  put  before  the  men  practically  engaged  in  the  generation  and  distri- 
bution of  alternating  currents  a  clear  statement  of  how  to  provide  the 
condenser  current  for  their  cables  without  supplying  that  same  current 
from  the  generator.    After  the  last  meeting  I  tried  to  get  a  copy  of  the 
Physical  Society  paper  referred  to  by  Professor  Ayrton,  but  was  unable 
to  do  so,  as  it  does  not  appear  to  have  been  published  in  the  Pro- 
ceedings of  the  Physical  Society.     I  have  therefore  had  to  fall  back  on 
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the  abstract  published  in  the  technical  journals,  where  I  find  a  bald 
statement  that  "  On  joining  a  condenser  and  inductive  coil  in  parallel, 
an  ammeter  in  the  main  circuit  indicated  5*5  amperes,  whilst  those  in 
the  branches  showed  6*4  amperes  passing  through  the  condenser  and 
10  amperes  through  the  coil."  This  result  compares  very  unfavourably 
with  that  which  Mr.  Mordey  has  obtained,  and  does  not,  to  my  mind, 
suggest  that  the  authors  of  the  paper  had  any  idea  of  the  practice 
application  to  which  Mr.  Mordey  directs  our  attention,  or  they  would 
have  given  an  example  showing  a  far  greater  difference  between  the 
condenser  current  and  the  main  current  Again,  in  the  discussion  on 
Dr.  Fleming's  paper,  read  in  1891  before  this  Institution,  most  of  the 
people  spoke  who  might  be  expected  to  know  about  this  matter ;  but  I 
find  that  not  one  erf  them,  not  even  Professor  Ayrton,  drew  attention  to 
the  fact  that  there  was  a  means  of  providing  this  condenser  current, 
amounting  to  about  45  amperes  with  10,000  volts  or  600  apparent 
E.H. P.  without  calling  on  the  alternator  to  produce  it.  It  appears  to 
me,  therefore,  that  Mr.  Mordey's  paper  should  be  cordially  welcomed, 
at  any  rate  by  everybody  engaged  practically  in  the  distribution  of  high 
pressure  alternating  currents,  as  it  directs  attention,  in  what  he  cal!> 
the  vulgar  tongue,  to  the  losses  incurred  by  supplying  this  condenser 
current  from  the  main  generators,  and  further  tells  us  how  these  lossc> 
may  be  reduced  to  a  minimum. 

With  regard  to  the  hysteresis  loss  in  the  dielectric,  there  appears  to 
be  little  doubt  but  that  Mr.  Mordey  has  exaggerated  this  loss  ;  but  his 
paper  has  stirred  up  interest  in  the  question  to  such  an  extent  that  oar 
real  knowledge  on  the  subject  is  likely  to  be  much  increased  by  the 
experimental  data  which  are  now  being  collected  by  various  people. 
These  experimental  data  are  much  wanted,  as  the  power-factor  has 
been  too  much  spoken  of,  both  in  the  paper  and  discussion,  as  though  it 
were  a  constant,  and  there  is  much  to  be  learnt  concerning  the  effect 
of  variation  of  stress  in  volts  per  centimetre,  of  the  imperfect  homo- 
geneity of  the  various  dielectrics  in  practical  use,  and  of  the  var>ing 
conditions  of  manufacture  and  of  ageing  of  the  dielectric,  all  of  which 
will,  I  think,  be  found  to  affect  the  result  considerably. 

Mr.  W.  B.  EssoN  {communicated) :  I  am  not  sure  that  I  agree  with 
Mr.  Mordey  as  regards  what  he  calls  the  "  Ohm's  law  "  of  the  subject, 
without  further  investigation.  Certainly  the  readings  he  obtained  and 
which  he  plots  in  Fig.  i,  if  they  can  be  held  to  prove  anything  at  all, 
prove  that  the  current  rises  in  a  curve  and  not  in  a  straight  line,  and 
proportionality  to  the  pressure  is  not  manifested,  as  has  been  assumed 
by  the  drawing  of  the  line  with  a  ruler.  There  are  good  reasons  for 
believing  that  the  current  is  not  proportional  to  the  pressure,  and,  in 
the  absence  of  very  complete  and  lengthy  investigation,  it  would  be 
unwise  to  assume  about  this  matter  an  Ohm's  law  or  anything  else.  The 
capacity  of  insulating  materials  under  different  stresses  and  under 
long  and  continuous  stress  is  very  imperfectly  understood. 

The  action  of  a  choking  coil  in  supplying  capacity-current  has,  of 

course,  been  long  known,  though  I  am  not  aware  that  it  has  ever  been 

proposed  before  to  employ  it  as  part  of  an  electric  station  equipment. 

^ars  ago  the  matter  was  fully  understood,  and  its  not  being  adopted 
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in  the  above  sense  is  probably  because  the  composition  of  the  circuits  Mr.  Esson. 
in  a  general  scheme  of  distribution  is  such  as  always  to  cause  the  cur- 
rents to  lag,  capacity  consequently  becoming  an  actual  advantage. 
With  the  longer  lines  of  the  Power  Bill  schemes  there  will  of  course  be 
increased  capacity  ;  but  from  their  nature  the  power  circuits  again  are 
more  likely  to  tend  to  a  lag  of  current,  and  here  capacity  may  prove^  as 
before,  a  blessing.  In  power  schemes  with  overhead  lines  the  equi- 
valent of  capacity  is  sometimes  purposely  introduced,  and  I  have  known 
one  at  least  where  the  capacity  of  the  five-mile  underground  line 
proved  salvation,  as  certainly  but  for  this  it  could  not  have  worked,  i.^., 
unless  some  form  of  phase  rectifier  had  been  added. 

The  thanks  of  the  Institution  are  due  to  Mr.  Mordey  for  having 
brought  prominently  to  the  attention  of  the  members  the  hysteresis 
loss  in  cables,  and  his  paper  will  accordingly  have  good  results.  But 
of  Mr.  Mordey's  figures  for  these  losses  the  less  said  the  belter.  The 
author  does  not  appear  to  be  lucky  as  an  original  investigator,  and  it  is 
perfectly  clear  that,  whatever  in  his  experiments  on  the  County  cables 
he  was  measuring,  it  was  not  power,  and  that  the  results  he  obtained  are 
something  like  four  times  larger  than  they  should  be.  This  is  important 
because  it  is  the  power  that  costs  the  money.  The  wattless  or  capacity- 
current,  contrary  to  Mr.  Mordey's  views,  costs  nothing  unless  the 
capacity  is  so  abnormally  great  as  to  necessitate  sensibly  larger  engines 
being  coupled  to  the  generators  than  would  otherwise  be  required. 
This  is  an  extremely  unlikely  case ;  but,  if  it  were  so,  the  only  extra  cost 
would  be  in  the  extra  steam  required  to  drive  the  larger  engines  idle. 
Say,  on  account  of  capacity,  we  had  to  put  in  a  i,ioo  k.w.  set  instead 
of  a  i,ooo  k.W.  set.  Working  condensing  we  should  use  an  extra 
500  lbs.  of  steam  per  hour  right  through,  costing  perhaps  sd.  Such  a 
set  would  never  be  run  at  less  than  half  load,  so  it  is  easy  to  see  that 
the  addition  to  the  cost  of  the  unit  is  quite  infinitesimal. 

Professor  E.  Wilson  :  Assuming  a  power-factor  of  '124,  Mr.  Mordey  &J{^**^^ 
calculates  that  at  6,000  volts  and  50  periods  per  second  this  cable 
dissipates  1,206  watts  per  mile.  With  47*2  amperes  in  each  conductor 
the  copper  loss  is  also  1,206  watts  per  mile.  The  total  dissipation  m. 
the  5I  miles  of  this  cable  is  therefore  13,300  watts,  and  this  is  47  per 
cent,  of  the  power  which  would  be  transmitted  at  unit  power-factor, 
namely  283,000  watts,  or  it  is  9*4  per  cent,  with  a  power-factor  0*5.  If 
this  dielectric  loss  is  a  fair  representation  of  average  practice,  I  think 
one  might  apply  a  differential  test  so  as  to  measure  it  as  a  direct 
quantity. 

If  V  and  A  be  volts  and  amperes  at  transmitting  end  and  V  — v 
A  —  a  be  volts  and  amperes  at  receiving  end,  then  Av  +  Va  —  av  is  the 
loss  in  the  cable  at  any  moment,  and  can  be  split  up  into  two  classes  of 

loss,  namely,  f  f  A  —  -j  and  arV  —  -\.  If  this  expression  be  integrated 

over  a  half  period  and  divided  by  the  time  of  a  half  period,  the  result  is 
the  average  watts  required  to  be  measured  as  a  direct  quantity.  Two 
wattmeters  having  no  mutual  induction,  but  having  their  moving 
systems  rigidly  fixed  together,  might  be  employed.  Each  wattmeter 
would  be  working  on  a  large  power-factor,  and   the  loss  would  be 
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measured  when  the  cable  is  loaded,  and  when  the  full  self-inductkui 
of  the  cable  is  felt.  The  dissipation  of  energy  in  the  dielectric  may  be 
the  same  when  the  cable  is  loaded  and  unloaded.  This  is,  so  far  as  I 
know,  a  still  unsettled  point  in  connection  with  alternate  current 
transformers,  in  which  it  has  been  stated  that  the  core-losses  are 
smaller  on  load  than  on  open  circuit. 

I  have  looked  carefully  and  cannot  find  the  thickness  of  rubber  in 
this  cable,  or  any  means  for  calculating  the  specific-inductive  capacity. 
This  is  an  important  matter,  as  we  ought  to  know  the  volts  f)er  cm.  of 
dielectric  thickness. 

I  think  it  would  greatly  aid  in  drawing  further  conclusions  if  Mr. 
Mordey  would  also  give  particulars  of  the  wave-form  and  the  way  in 
which  the  instruments  were  tested  for  accuracy. 

Mr.  Alexander  Russell  (communicated) :  I  have  been  very  inte- 
rested in  studying  Mr.  Mordey's  results.  His  paper  has  certainly  given 
us  clearer  notions  of  the  difficulties  due  to  capacity  which  alternating- 
current  engineers  have  to  overcome.  We  have  not  yet  sufficient  experi- 
mental evidence  to  justify  us  in  adopting  any  simple  empirical  formula 
for  the  dielectric  loss.  It  would  be  very  wonderful  if  it  were  simply  a 
function  of  the  effective  voltage  and  independent  of  wave  shape  or  area. 
Whatever  is  the  real  action  that  goes  on  in  the  dielectric,  I  think  that 
we  are  justified  in  concluding  with  Mr.  Steinmetz  that  it  distorts  the 
wave  of  P.D.  This  distortion  may  be  small ;  but  even  a  small  distortion 
considerably  modifies  the  balancing  action  of  condenser  and  choking 
coil  currents.  For  example,  a  paiabola  is  practically  indistinguishable 
from  a  sine  curve — it  has  the  same  rounded  shape  and  is  only  about 
three  per  cent,  flatter ;  yet  if  the  wave  of  P.D.  at  the  terminals  of  the 
cable  in  Mr.  Morde/s  experiment  (Fig.  4)  were  parabolic,  then  it  would 
be  impossible  to  cut  down  the  current  in  the  main  to  less  than  0*65  of 
an  ampere,  even  if  there  were  zero  loss  in  both  the  cable  and  the 
choking-coil.  If  the  wave  were  triangular,  then  the  minimum  current 
would  be  2'45  amperes,  and  if  the  wave  form  were  rippled  or  very 
peaky,  the  balancing  action  of  the  choking-coil  would  be  of  little  use. 

It  is  important  to  realise  the  difference  between  the  action  of  con- 
densers and  choking-coils  on  the  harmonics  in  the  applied  wave.  The 
condenser  current  shows  the  harmonics  magnified,  but  in  the  choking 
coil-current  they  are  to  a  certain  extent  smoothed  out.  The  current- 
wave  in  a  condenser  is  less  like  a  sine  curve,  but  in  a  choking  coil 
it  js  more  like  a  sine  curve  than  the  wave  of  P.D.  at  the  terminals. 
It  is  this  action  of  condensers  and  choking-coils  that  makes  the 
sine  form  of  wave  produce  in  them  the  minimum  and  maximum 
currents  respectively.  It  also  has  a  bearing  on  the  "resonance  "  method 
of  testing  used  by  Mr.  Mather.  In  this  method  the  same  current 
flows  in  both  the  choking-coil  and  the  condenser.  Hence  the  wave  of 
P.D.  across  the  choking-coil  terminals  is  more  distorted  than  the  wave 
across  the  condenser  terminals.  It  follows  also  if  the  circuit  be  adjusted 
for  resonance  of  the  fundamental  harmonic  that  the  P.D.  across  the 
choking-coil  terminals  will  be  greater  than  the  P.D.  across  the  condenser 
tenninals. 

I  should  like  to  point  out  the  limitations  to  the  use  of  the  ordinary 
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formulae  for  condenser  and  choking-coil  currents.    The  formula  for  the   Mr. 
condenser  current  is 

C,  =  aVK/ 
where  a  is  a  constant  depending  on  the  shape  of  the  wave.  The 
smallest  possible  value  that  a  can  have  is  2ir,  and  it  has  this  value  for 
the  sine  curve.  For  a  parabolic  wave  the  error  in  taking  2ir  for  a  is 
o'7  per  cent.,  and  for  a  triangular  wave  it  is  lo  per  cent.  If  it  is  rippled 
or  very  peaky  the  error  may  be  much  greater. 
The  formula  for  a  choking-coil  is 

where  /3  is  a  constant  depending  on  the  shape  of  the  wave.  The 
minimum  value  of  fi  is  2x,  but  the  error  made  in  taking  2ir  for  p  is 
much  smaller  than  in  taking  2x  for  a.  Even  for  a  triangular  wave  it  is 
less  than  i  per  cent.  This  is  due,  of  course,  to  the  constraining  action 
of  the  choking-coil  forcing  the  current  wave  to  assume  an  approximate 
sine  form.  The  graphical  phase  difference  ^  between  C,  and  C,  is  given 
by  the  formula 

Cos*  =  — ^ 

^  a 

Now,  for  this  phase  difference  the  minimum  current  in  the  main 
got  by  varying  Cj  is  C,  sin  ^ ;  for  very  peaky  waves  f  is  nearly  90 
degrees. 

The  values  of  C,  and  C,  do  not  change  much  for  a  small  distortion  of 
the  wave  from  the  sine  curve  form,  but  the  resultant  current  changes 
rapidly,  hence  a  measurement  of  this  current  might  be  used  to  test 
how  nearly  the  P.D.  wave  produced  by  an  alternator  approached  the 
sine  form. 

In  Mr.  Mordey's  experiment  (Fig.  4)  the  condenser  current  vector 
makes  an  angle  of  82°  53'  with  the  P.D.  vector,  and  the  choking-coil 
current  vector  makes  an  angle  of  87°  39'  with  the  same  vector.  The 
sum  of  these  two  angles  is  170**  32',  but  the  angle  between  the  current 
vectors  is  only  164°  26'.  Hence  we  must  represent  the  three  vectors  by 
lines  drawn  in  space.  The  vector  representing  the  current  in  the  main 
is  always  in  the  same  plane  as  the  other  two  current  vectors,  as  a  linear 
relation  connects  the  instantaneous  values  of  the  three  currents.  Hence 
the  mimimum  phase  difference  between  the  main  current  and  the  P.D. 
vector  is  the  minimum  angle  1  between  the  P.D.  vector  and  the  plane 
containing  the  currents.  Now  if  a,  /3  and  y  be  the  three  angles  of  a 
solid  angle,  then  the  minimum  angle  9  between  one  of  the  edges  and 
the  plane  opposite  it,  which  we  suppose  to  contain  the  angle  7,  is 
determined  by  the  equation 

8^0  =  4?^ 

smy 

where  sin  w^2  J  sin  <t  sin  (<r  —  a)  sin  (<r  —  j8)  sin  (<r  —  y)  and  <r  is  half 
the  sum  of  the  angles  a,  /3  and  y.  Substituting  Mr.  Mordey's  phase 
differences  we  find  that  9  is  52"  24',  and  cos  9  is  o*6i.  This  is  the 
maximum  possible  power-factor  with  the  phase  differences  with  which 
Mr.  Mordey  was  working,  and  this  is  the  result  he  obtained. 

The  maximum  power-factor  of  the  combined  circuit  being  only  o.t6 


440    MORDEY:  CAPACITY  IN  ALTERNATE  CURRENT     [Feb.  14th, 


Mr. 

A.  Ruv^ell. 


Mr.  Adden- 
brooke. 


shows  that  the  shape  of  the  resultant  current  wave  is  very  different 
from  the  shape  of  the  P.D.  wave.  A  triangular  and  a  sine  curve  have  a 
maximum  power-factor  greater  than  0*99. 

I  agree  with  Mr.  Morde/s  remarks  about  the  value  of  condensen* 
for  increasing  the  power-factor  of  alternating  current  networks.  1 
would  suggest  that,  instead  of  putting  the  condenser  straight  between 
the  mains,  we  put  it  across  the  secondary  terminals  of  a  step-up  trans- 
former, the  primary  terminals  of  which  are  put  between  the  mains.  For 
example,  if  we  put  a  one  microfarad  condenser  across  500- volt  main>, 
the  frequency  being  50  we  only  get  a  current  of  about  0*2  of  an  ampere. 
If,  however,  we  put  it  between  the  5,000-volt  terminals  of  a  step-up 
transformer,  we  should  get  a  current  of  2  amperes  in  the  secondary,  and 
there  would  therefore  be  a  current  of  20  amperes  in  the  primary  with  a 
large  angle  of  lead.  If  «  be  the  ratio  of  transformation  the  current  is 
increased  n'  times.  So  that  quite  a  small  condenser  can  be  used  to  gel 
large  balancing  currents. 

In  Mr.  Morde/s  choking-coil  as  the  current  diminishes  so  also  doe- 
the  angle  of  lag.  If  we  wish  to  vary  the  lagging  current,  keeping  the 
angle  of  lag  always  very  large,  we  could  easily  do  this  by  putting 
choking-coils  in  parallel  across  the  secondary  terminals  of  a  transformer 
the  primary  of  which  was  connected  between  the  mains. 

Mr.  G.  L.  Adden BROOKE  (communicated) :  Mr.  Morde/s  paper  is  a 
difEcult  one  to  deal  with,  as  it  raises  at  least  four  important  and  specific 
points,  each  of  which  has  not  necessarily  much  connection  with  the 
others.  As,  however,  I  have  worked  over  a  great  deal  of  the  same 
ground  during  the  last  few  years,  I  venture  to  submit  the  follounng 
remarks  on  points  deduced  from  my  own  experiences. 

The  capacity-current  in  systems  of  mains  is  one  I  have  always  had 
fully  in  view  in  dealing  with  large  power  systems.  Although  I  agree 
with  the  letter  from  Dr.  Hoor  in  the  Electrician  of  February  8, 1901,  that 
the  effect  is  capable  of  being  dealt  with,  still  Mr.  Mordey  has  done 
good  service  in  drawing  attention  to  the  fact  that  the  effect  may  be 
large,  and  I  think  this  is  most  likely  to  be  the  case  in  the  early  days  ot 
power  distribution,  when  large  systems  of  conductors  have  had  to  be 
laid  down  and  the  load  is  comparatively  light.  It  appears  to  me  that 
all  Mr.  Mordey  says  under  this  heading  is  a  remarkable  commentar>' 
on  the  unwisdom  of  the  Board  of  Trade  Regulations  which  practically 
prohibit  overhead  wires  in  this  country.  Although  power  distribution 
on  an  enormous  scale  has  been  carried  out  on  the  Continent,  and  in 
America,  it  has  almost  wholly  been  carried  out  by  means  of  overhead 
wires,  where  the  effects  described  by  Mr.  Mordey  do  not  occur.  The 
Board  of  Trade  prohibits  us  adopting  methods  by  which  great  industries 
have  been  safely  and  advantageously  built  up  on  the  Continent  and  in 
America,  and  forces  us  to  adopt  expensive  and  untried  methods,  whicb 
at  any  rate  are  liable  to  serious  inconveniences  even  if  by  skill  and  care 
they  can  be  got  over. 

Coming  now  to  the  watt  loss  in  the  dielectric,  I  must  say  I  was  vcr\* 

much  startled  by  Mr.  Mordey's  figures.     While  aware  for  many  year> 

that  there  was  a  loss  of  this  character,  I  had  no  idea  that  its  magnitude 

?as  at  all  comparable  to  the  figures  given  for  it.    Since  Mr.  Mordey  :s 
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paper  I  have  been  too  busy  to  make  any  direct  measurements  on  a  Mr.Addcn- 
cable  itself,  but  the  following  results  obtained  on  condensers  may  be 
interesting.  The  measurements  were  carried  out  entirely  with  electro- 
static instruments  such  as  describ'ed  in  the  paper  I  read  before  the 
International  Congress  of  Electricians  at  Paris  in  August  last.  Without 
giving  a  description  of  the  details — I  may  say  that  an  electrostatic  system 
such  as  described  is  particularly  suited  for  this  work,  and  I  think  that  the 
results  can  be  obtained  with  a  very  small  percentage  of  error. 

Some  months  since  Dr.  A.  Muirhead  was  good  enough  to  placa  at 
my  disposal  a  set  of  condensers  for  experimental  purposes — in  fact,  for 
investigating  amongst  other  points  this  very  effect.  These  condensers 
were  connected  to  an  alternating  current  of  i,ooo  volts,  and  about  30 
periods,  and  careful  tests  which  Mr.  C.  W.  S.  Crawley  was  good  enough 
afterwards  to  confirm  with  the  writer,  show  that  under  these  circum- 
stances the  power-factor  is  about  •on  to  '012.  In  fact,  deducting  a 
small  fraction  for  loss  in  leads,  about  i  per  cent,  of  apparent  watts  is 
really  true  work.  The  experiments  were  made  on  condensers  of  three 
and  six  microfarads  capacity  respectively,  which  were  probably  equal 
to  about  seven  to  fourteen  miles  of  ordinary  cable.  It  is  perfectly  true 
that  these  condensers  were  made  by  Dr.  Muirhead  with  great  care 
in  order  to  have  the  absorption  small ;  but,  on  the  other  hand,  it  must  be 
remembered  that  the  dielectric  is  very  much  thinner  than  that  of 
an  ordinary  cable,  which  probably  would  also  be  made  of  paper,  and 
therefore  the  potential  slope  is  very  much  greater  than  in  a  cable,  which, 
whether  rightly  or  wrongly,  I  have  always  taken  as  a  serious  factor. 

Coming  now  to  Mr.  Mordey's  suggestion  of  the  use  of  a  choking- 
coil  across  the  circuit  and  the  data  he  gives  of  a  coil  he  has  made.  I 
may  say  that  there  has  recently  been  completed  to  my  specification  an 
adjustable  inductive  resistance  having  a  capacity  of  170  k.w.  on  Mr. 
Mordey's  rating.  This  inductive  resistance  is  intended  for  putting  a 
lag  in  the  circuits  of  alternators  under  test.  It  has  been  wound  for 
practical  purposes  with  a  number  of  circuits  which  have  permitted  a 
somewhat  elaborate  series  of  tests  to  be  made  on  it.  It  would  have 
been  interesting  to  have  compared  its  performance  with  that  of  the 
resistance  made  by  Mr.  Mordey,  and  I  should  therefore  have  been  glad 
if  Mr.  Mordey  had  given  the  current  which  his  apparatus  takes  with 
the  iron  circuit  closed  as  compared  with  the  iron  circuit  fully  open,  with 
a  given  voltage  between  the  terminals.  It  is  not  possible  to  close  the 
iron  circuit  of  such  an  apparatus  as  well  as  in  an  ordinary  transformer, 
and  therefore  it  takes  a  larger  wattless  current  than  a  transformer 
with  overlapping  plates,  but  how  much  it  is  difficult  to  say  without 
experiment,  as  calculations  ^re  not  of  much  value.  In  the  large  induc- 
tive resistance  I  have  mentioned,  the  construction  is  such  as  to  avoid  as 
far  as  possible  the  effects  from  eddy  currents  Mr.  Mordey  speaks  of, 
and  though  I  think  the  tests  show  some  extra  loss  from  this  cause 
beyond  the  losses  which  would  ordinarily  be  allowed  for  in  a  simple 
transformer,  yet  I  do  not  think  it  is  nearly  as  large  proportionately  as 
the  figures  Mr.  Mordey  gives  for  it.  At  some  later  date  I  may  be  able 
to  give  further  data  regarding  the  work  on  this  resistance. 

Lastly,  I  would  like  to  say  a  word  on  Mr.  Mordey's  wattmeter.    In 

VOL.  XXX.  29 


442    MORDEY:  CAPACITY   IN   ALTERNATE   CURRENT     [Feb.  l«h, 

Mr.  Adden-     the  work  I  have  done  during  the  last  five  or  six  years  on  altcmatinji 
^^  ^'  current  measurement  and,  in  fact,  since  I   first  took  the  subject  up 

some  years  before  that,  I  have  on  numberless  occasions  been  tempted 
to  make  apparatus  constructed  with  transformers  for  raising  the  voltage, 
but  I  have  always  been  deterred  by  the  uncertainties  I  expected  to  be 
involved  in.  I  think  it  quite  possible  that  such  an  instrument,  tested 
and  calibrated  by  instruments  which  can  be  relied  on,  may  be  useful  for 
approximate  measurements  through  a  moderate  range  and  compara- 
tively high  power-factors,  but  I  have  felt  that  to  go  beyond  this  required 
great  caution.  Some  experiments  I  made  some  months  since,  using 
electrostatic  instruments,  confirm  the  view  Mr.  Duddell  has  recently 
expressed  in  the  technical  press,  that  there  was  a  certain  amount  of 
lag  produced  by  magnetic  leakage  which  at  any  considerable  po^-er- 
factor  would  entirely  upset  readings. 

In  the  course  of  the  debate  on  Mr.  Mordey's  paper,  Dr.  Fleming 
advocated  making  tests  with  a  motor  transformer  and  accumulators 
As  a  matter  of  fact,  my  own  tests  were  made  up  in  this  way,  except  that 
instead  of  accumulators  I  used  the  Westminster  Co.'s  current,  the  voltage 
being  kept  steady  by  passing  the  current  through  a  variable  resistance 
and  observing  a  voltmeter.  Owing  to  the  leading  current  produced  by 
the  condenser,  the  reactions  in  the  generator  are  considerably  altered 
when  the  condensers  are  put  on,  and  it  is  necessary  to  observe  carefuDy 
that  the  speed  is  similar  when  any  comparative  measurements  are 
made. 

Mr  Boot.  Mr.  H.  L.  P.  Boot  (communicated) :  In  the  first  place,  the  author  b 

to  be  congratulated  on  presenting  to  a  technical  body  a  paper  which 
is  a  masterpiece  of  simplicity,  and  in  endeavouring  to  explain  the 
subject  in  (as  he  terms  it)  "the  vulgar  tongue"  so  satisfactorily 
Capacity  measurements  are  taken  by  some  of  the  station  engineers  to 
my  knowledge,  and  no  doubt  if  the  results  obtained,  were  anything  like 
the  magnitude  of  the  loss  the  author  has  obtained  they  would  be  taken 
more  frequently  ;  but  experience  has  shown  that,  in  practical  everjxiay 
working,  these  losses  are  negligible,  because  on  nearly  all  alternating 
systems,  owing  to  the  number  of  transformers  in  use,  there  is  bound  to 
be  a  lagging  current,  which  will  more  than  counterbalance  the  capacity 
current.  I  should  very  much  like  to  see  the  results  showing  the  variation 
of  capacity  after  the  life  of  the  cable,  and  whether  the  ordinary  fibrott> 
or  paper  insulated  cable  decreases  in  capacity,  as  one  would  expect  it 
to,  as  it  becomes  drier. 

On  page  377  I  cannot  help  thinking  that  the  author  takes  rather  an 
**  alarmist's  "  view  of*  the  losses  due  to  capacity,  as  I  have  been  unablt 
to 'Confirm  any  losses  of  such  a  serious  amount  in  concentric  caWi^ 
when  insulated  with  paper,  and  I  fancy  a  great  deal  of  the  loss  mc-'^l 
have  been  due  to  the  dielectric  employed  on  this  particular  cable 
If  the  author  would  kindly  inform  us  whether  the  cable  he  con- 
ducted the  test  on  has  been  in  active  use  ?  At  what  pressure  ?  Ff>f 
how  long,  and  in  what  condition  the  cable  was  afterwards,  90  far  i.- 
insulation  and  withstanding  the  pressure  test  ?  I  certainly  have  noticed 
when  switching  long  feeders  on  that  an  engine,  especially  if  it  be  a 
small  unit,  has  been  checked,  but  this,  I  think,  has  been  due  to  lb? 
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work  done  in  charging  the  cable,  which,  of  course,  is  more  or  less  a  Mr.  Boot 
momentary  loss,  unless  for  some  reason  or  other  the  cable  becomes 
discharged  by  leakage  and  a  continuous  charging  is  taking  place. 
However,  if  time  permits  this  summer,  I  intend  to  make  a  careful  test 
on  a  feeder  three  miles  long  for  at  least  a  period  of  three  hours, 
measuring  carefully  the  steam  consumption  of  the  engine  running  light, 
without  the  cable  being  switched  on,  and  afterwards  the  steam  con- 
sumption of  the  engine  with  the  cable  switched  on  ;  in  other  words,  the 
engine  having  only  to  maintain  the  pressure.  It  is  then  clear  that  the 
difference  in  steam  consumption  will  show  the  actual  amount  of  work 
done,  which  I  expect  to  be  very  little. 

For  some  time  I  have  been  endeavouring  to  get  at  the  true  cost  of 
apparent  ^watts,  so  far  as  the  actual  coal  consumption  is  concerned, 
or  the  work  done  by  the  engine,  and  I  agree  with  the  author  in  thinking 
that  it  is  not  much  less  than  one-fourth.  In  practical  working  one 
would  not,  of  course,  keep  a  feeder  charged  without  being  connected 
to  a  transformer,  and  doing  work  of  some  sort,  and  therefore  the 
conditions  under  which  the  author  made  his  test  are  not  applicable  to 
practical  working,  although  extremely  interesting  and  instructive. 

Some  five  years  ago,  when  the  Tunbridge  Wells  works  had  only  been 
running  a  year,  and  the  total  amount  of  cables  laid  would  not  exceed 
ten  miles,  the  apparent  watts,  /.<?.,  amperes  multiplied  by  the  volts, 
were  considerably  in  excess  of  the  true  watts  registered  by  the  watt- 
hour  meter,  whereas  now  we  find,  although  using  the  same  instruments 
as  previously,  that  the  true  watts  now  equal  the  apparent  watts,  Le.,  the 
reading  of  the  watt-hour  meter  is  nearly  the  same  as  the  reading 
obtained  when  multiplying  the  amperes  by  the  volts  (multiplied  by  the 
time).  It  is  possible  this  may  be  accounted  for  by  having  now  some 
forty  miles  of  concentric  cables  laid  (both  high  and  low  pressure), 
which  should  have  a  large  capacity  effect  and  assist  the  lagging  current, 
so  as  to  bring  the  power-factor  as  near  unity  as  possible.  There  is  no 
doubt  that  a  certam  amount  of  work  is  done  when  keeping  a  cable 
charged,  as  one  can  usually  tell  whether  a  cable  is  alive  or  dead  by 
grasping  it  tightly  over  the  insulation,  when,  if  aHve,  a  distinct 
vibration  will  be  felt. 

Mr.  G.  H.  NiSBETT  {communicated) :  Mr.  Mordcy  has  rendered  a  Mr.  Nisbett. 
considerable  service  to  the  Institution  in  bringing  the  subject-matter 
of  his  paper  to  the  attention  of  the  members.  It  covers  ground  that 
undoubtedly  has  been  very  neglected  in  the  past,  and,  whether  Mr. 
Mordey's  figures  are  right  or  wrong,  the  paper  will  have  done  good  in 
inducing  other  people  to  make  experiments  on  the  lines  of  his. 

The  first  part  of  Mr.  Mordey's  paper  appears  to  be  somewhat 
elementary,  and  I  think  he  hardly  gives  central  station  engineers  credit 
for  the  knowledge  that  is  in  them. 

The  feature  of  the  paper  is  the  reference  to  the  losses  due  to 
dielectric  hysteresis,  or  the  power-factor  of  the  capacity-current  of 
a  cable.  The  losses  shown  are  so  considerable,  and  so  much  in  excess 
of  those  that  it  has  hitherto  been  assumed  are  taking  place,  that  a 
considerable  flutter  in  the  alternating  dovecotes  has  occurred. 

To  show  how  serious  a  matter  it  is  one  need  only  instance  the  case 
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Mr.  Nisbett  of  the  Dcptford  station,  where  (if  Mr.  Mordey's  statements  are  correct) 
530,ocx)  units  per  annum  are  wasted  in  dielectric  h)rsteresis  losses  ;  and 
Mr.  Mordey  apparently  wishes  us  to  believe  that  the  station  engineers 
have  never  missed  this  energy !  Luckily'  for  Deptford  and  other  extra 
high  tension  stations,  there  appears  to  be  no  reasonable  doubt  but  that 
Mr.  Mordey's  figures  are  very  seriously  in  error. 

In  the  first  place,  I  think  it  will  be  generally  agreed  that  Mr. 
Mordey's  use  of  a  Thomson  integrating  wattmeter  for  the  measure- 
ment of  energy  having  so  low  a  power-factor  was  a  mistake.  When 
^  such  a  meter  is  used  to  read  capacity-current  or  nearly  wattless 
voltamperes,  if  there  is  the  slightest  self-induction  in  the  shunt  coil 
the  whole  of  the  readings  will  be  completely  lipset.  (The  use  of  a 
transformer  in  the  shunt  would  make  things  infinitely  worse.)  One 
can  see  this  when  it  is  considered  that,  assuming  a  2^  per  cent 
power-factor,  the  angle  of  the  current  we  wish  to  measure  is  88| 
degrees  from  the  volts,  an  absolutely  wattless  current  being  of  course 
90  degrees.  To  show  how  difficult  it  is  to  measure  currents  of  such 
low  power-factors  by  ordinary  methods,  I  may  say  that  after  the  reading 
of  Mr.  Mordey's  paper  I  made  several  experiments  with  a  view  to 
determining  the  power-factor  of  a  cable.  In  the  first  place,  by  the  three 
voltmeter  method.  This  was  a  complete  failure,  probably  owing  to 
the  fact  that  the  errors  in  the  voltmeters  are  squared,  the  results  show- 
ing a  small  negative  power-factor,  i.e.,  that  the  cable  was  giving  enCTgy 
to  the  circuit.  In  the  second  case  I  took  a  Thomson  watt-hour  meter 
of  the  type  used  by  Mr.  Mordey,  but  without  a  transformer,  and  put  on 
to  it  a  non-inductive  load  of  about  one  ampere.  The  speed  of  the  meter 
was  then  measured  and  then  a  capacity  current  of  one  ampere  added 
to  the  circuit.  There  was  no  observable  difference  in  the  speed  of  the 
meter,  thus  showing  a  zero  power-factor.  The  third  method  was  with 
a  Weston  wattmeter,  the  shunt  being  connected  across  a  known  pro- 
portion of  a  non-inductive  resistance.  This  method  showed  a  power- 
factor  on  paper  cable  of  '0125,  or  about  half  what  I  believe  to  be  the 
true  result,  the  error  no  doubt  being  due  to  the  self-induction  of  the 
fine  wire  coil. 

I  have  had  the  pleasure  of  witnessing  tests  carried  out  at  the  worfci 
of  the  British  Insulated  Wire  Company  by  Professor  Ayrton,  and 
referred  to  in  Mr.  Mather's  remarks.  The  results  attained  by  the  three 
methods  used  checked  so  exactly  with  each  other  and  with  others  made 
by  different  sets  of  instruments,  that  I  am  convinced  the  power-factor 
of  '024  for  paper  cabFfe  given  by  Mr.  Mather  is  the  correct  one.  This 
is  confirmed  by  figures  given  by  Dr.  Hoor  in  the  Electrician,  in  which 
he  gives  for  the  Buda  Pesth  paper  cables  at  2,000  volts  a  powcr-factiDC 
of  '025. 

The  alarming  figures  shown  in  Mr.  Mordey's  tables  are  based  not 
only  on  too  high  a  power-factor  but  on  too  high  a  capacity,  for  the 
cable  tested  by  him  was  a  rubber  insulated  one,  whereas  this  type  of 
cable  is  comparatively  seldom  used  for  high  tension  work.  By  far  the 
commoner  type  is  paper  insulated  cable,  and  this  has  a  capacity  of 
about  04  that  of  indiarubber,  and  a  special  dry  core  high  volta^t 
cable  made  by  the  British  Insulated  Wire  Company  has  a  capacity  c* 
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only  onc-third  of  that  of   indiarubber.     Therefore,  to  arrive  at  an   Mr.  Nlsb^tt. 
approximation  of  the  energy  loss  of  cables  as  commonly  used  we  must 
divide  the  figures  given  by  Mr.  Mordey  by  about  15. 

To  show  what  the  loss  due  to  dielectric  hysteresis  will  amount  to  in 
practice,  I  have  worked  out  two  concrete  cases. 

In  the  first  case,  that  of  the  Midland  Power  Company,  who  are  laying 
down  a  system  of  7,500  volt  two-phase  cables  over  a  very  extensive 
area,  some  of  the  feeders  being  eight  miles  in  length.  The  total 
apparent  power  in  the  charging  current  of  the  cable  will  be  290  k.w., 
and  the  true  energy  loss  in  the  cables  7*25  k.w.  The  station  will 
have  immediately  5,000  k.w.  of  plant,  and  assuming  a  I2|^  per  cent, 
load-factor  the  loss  in  dielectric  hysteresis  will  be  1*2  per  cent,  of  the 
units  sold.  When  the  mains  become  loaded  to  their  full  capacity  the 
loss  will  then  be  only  0*4  per  cent,  of  the  units  sold. 

In  the  second  case  I  have  taken  as  an  example  a  large  town  now 
working  with  a  monophase  system  at  2,000  volts,  and  supplying  over 
100,000  lamps.  The  total  capacity  of  the  high  tension  network  is  10 
microfarads.  The  dielectric  hysteresis  loss  is  520  watts,  or  4,500  units 
per  annum,  and,  the  output  of  the  station  being  2,000,000  units  per 
annum,  the  energ>'  loss  by  dielectric  hysteresis  amounts  only  to  some- 
thing less  than  one-quarter  per  cent,  of  the  energy  sold.  I  think  these 
figures  go  to  show  that  the  losses  due  to  this  cause  are  really 
insignificant. 

Mr.  Mordey  suggests  that  dielectric  hysteresis  differs  from  magnetic 
hysteresis  in  showing  no  saturation  effect,  while  Dr.  Hoor  holds  that 
the  power-factor  diminishes  with  increased  pressure.  I  am  inclined  to 
think  from  observed  facts  that  the  contrary  is  the  case,  and  that  power- 
factor  increases  with  increased  pressure.  Iam4ed  to  this  opinion  by 
some  experiments  made  on  a  short  length  of  cable  built  for  a  working 
pressure  of  10,000  volts,  and  tested  to  90,000  volts  100  frequency. 
After  the  application  of  this  pressure  for  half  an  hour,  although  the 
cable  showed  no  signs  of  breakdown,  it  was  distinctly  hot  to  the  hand. 
This  heating  could  not  be  due  to  conductance  of  current  through  the 
dielectric,  as  of  course  the  insulation  resistance  of  so  short  a  length 
would  be  many  thousands  of  megohms,  but  could  only  be  due  to 
dielectric  hysteresis  of  a  very  much  higher  order  relative  to  the  capacity- 
current  than  even  Mr.  Mordey's  figures  show. 

With  regard  to  Mr.  Mordey's  suggestion  of  counteracting  capacity 
current  in  cables  by  putting  a  coil  with  self-induction  in  parallel,  I  think 
Mr.  Mordey  certainly  deserves  the  credit  in  this  matter  of  having 
proposed  to  apply  known  principles  to  practical  purposes  in  a 
systematic  way,  although  of  course  the  principle  underlying  his 
suggestion  has  been  well  known  for  many  years. 

I  remember  in  the  very  early  days  of  the  City  Company  that  we  got 
into  trouble  by  using  single  cables  for  alternating  currents,  and  we 
seriously  discussed  the  feasibility  of  putting  condensers  on  the  mains 
to  neutralise  the  self-induction,  but  on  calculating  it  out  we  found  it 
cheaper  to  use  triple  concentric  cables.  This,  of  course,  is  exactly  the 
converse  of  Mr.  Mordey's  suggestion.  It  is  to  be  remembered  that  the 
capacity-currents  of  central  station  cables  are  more  or  less  neutralised 
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Mr.  Nisbctt.  ^y  ^j^g  transformers  connected  to  them,  and  it  is  rare  to  find  a  station 
working  at  2,000  volts  in  which  the  wattless  current  due  to  the  cables 
exceeds  one  or  two  amperes.  Certainly  not  a  noticeable  amount  even 
at  the  lightest  loads. 

With  regard  to  extra  high  tension  stations,  the  annulment  of  the 
capacity  may  be  of  use,  although  its  application  presents  difficulties. 
In  the  first  place,  it  must  be  remembered  that  the  use  of  the  self- 
induction  coil  will  add  to  and  not  diminish  the  totai  energy  losses  of 
the  station,  and  that  it  is  only  of  use  at  all  on  very  light  loads,  for  as 
soon  as  the  real  working  load  comes  on  to  the  station  the  capacit\* 
current  practically  disappears.  This,  of  course,  is  due  to  the  condensers 
and  wattful  currents  being  in  quadrature ;  the  condenser  current  is 
represented  by  the  square  root  of  the  difference  of  the  squares  of  the 
current  at  the  source  and  end  of  the  cable.  This  means  that,  if  the 
capacity-current  in  the  cables  at  a  certain  station  is  6  amperes,  then 
with  10  amperes  of  real  work  on  the  circuit  the  total  current  is  repre- 
sented by  117  amperes.  With  50  amperes  real  work  on  the  station 
the  total  current  is  50*6  amperes,  and  with  100  amperes  of  real  work 
ioo*2,  so  that  in  this  last  case  only  '2  amperes  would  remain  for  Mr. 
Mordey  to  neutralise,  and  the  energy  loss  in  his  choker  would 
probably  amount  to  more  than  this. 

It  is  therefore  evident  that  if  the  device  is  to  be  of  real  service  at 
the  station  it  must  only  be  used  on  very  light  loads,  and  must  be 
switched  off  as  soon  as  the  work  becomes  appreciable. 

Unfortunately,  Mr.  Mordey's  device  will  not  prevent  undue 
momentary  rises  of  pressure  in  high  tension  cable  systems  having 
capacity  due  to  any  disruptive  discharge  that  may  occur,  as  owing  to 
the  enormous  frequency  of  such  diecharges  the  coil  would  be  practically 
infinitely  resistant  as  a  path  for  current. 

The  device  will  probably  prove  of  considerable  advantage  to  cable 
makers  in  testing  batches  of  cable  with  high  pressure  alternating 
current,  as  a  suitable  adjustable  choker  will  enable  the  total  current 
given  by  the  alternator  to  be  considerably  reduced,  and  so  allow  the 
use  of  smaller  alternators  than  would  otherwise  be  possible. 

I  should  like  to  know  where  the  demand  for  condensers  Mr. 
Mordey  speaks  about  is  to  be  found,  as  it  can  readily  be  met.  A  good 
condenser  in  the  form  of  a  cable  having  small  conductors  of  lar^ 
surface,  and  with  a  dielectric  having  a  high  specific  capacity, 
can  be  built  for  a  working  pressure  of  2,000  volts,  at  about  ^^30  per 
microfarad. 
Mr.  Cruise.  Mr.   E.   G.    Cruise  (communtcated)  :    The    salient  points   of   Mr. 

Mordey's  most  interesting  paper  were,  at  least  as  I  understood  them, 
that  first,  electrical  transmission  of  large  powers  at  high  voltages  over 
long  lengths  of  underground  insulated  cables  was  going  to  be  at  least 
enormously  handicapped  if  not  defeated  altogether,  due  to  the  capacity 
losses  in  these  insulated  cables  ;  and  second,  that  it  was  very  desirable 
for  electrical  engineers  seriously  to  consider  the  question  of  how  the 
problems  involved  are  to  be  dealt  with.  All  this  in  view  of  the  recent 
legislation  and  passing  of  the  Electric  Power  Bills  of  1900  and  our 
f^ntry  in   this    country  on   a   comparatively  unexplored  and   untried 
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electrical  engineering   venture.      Except  from   Mr.  Mordey   himself,  Mr.  Cruise. 
we  failed  to  hear  any  definite  suggestion  as  a  remedy  for  the  evils 
in  question. 

If  I  presume  to  join  in  the  discussion  it  will  be  to  try  and  analyse  at 
least  one  of  the  practical  points  raised  by  Mr.  Mordey,  i.e.,  the  extent  of 
the  losses.  I  would  first  like  to  ask  Mr.  Mordey  a  question,  and  it 
seems  an  important  one.  What  was  the  length  of  cable  referred  to  in 
Table  I.,  and  what  was  its  ampere  carrying  power  ?  It  had  a  capacity 
of  one  microfarad,  and  the  watts  lost  due  to  capacity  under  different 
voltages  are  given. 

In  the  Electric  Power  Acts  now  about  to  be  carried  out,  the  question 
of  k.w.  transmitted  in  a  cable,  compared  with  the  accompanying  capacity 
losses  per  mile,  seems  to  be  one  of  cardinal  importance  where  long 
distances  and  large  powers  are  to  be  dealt  with,  and  I  want  to  try  and 
show  from  some  figures  that  one  microfarad  capacity  apparently  goes 
a  long  way  in  a  high  tension  power  transmission  cable.  We  may 
arrive  at  the  end  in  view  from  perhaps  the  following  consideration. 
First  of  all  assume  that  the  capacity  power-factor,  '124,  found  by  Mr. 
Mordey  is  neither  too  high  nor  too  low,  and  take  it  as  a  basis.  If  it 
can  be  proved  to  be  excessive,  so  much  the  better  for  the  arguments. 
Judging  from  the  discussion  at  the  Institution,  it  is  not  likely  to  be  proved 
insufficient.  Now^  Mr.  Mordey  calculates  in  his  paper  that,  with  40 
miles  of  " go  and  return"  concentric  cable  of  '5  M.F.  capacity  per  mile 
running  at  50  periods  and  20,000  volts,  the  annual  capacity  loss  would 
be  about  2,700,000  Board  of  Trade  units. 

Assume  that  the  cable  contemplated  was  a  37/16  and  that  "5  m.f. 
per  mile  for  this  size  is  practical.  Such  a  cable  could  easily  take  2,500 
k.w.,  ten  miles  at  20,000  volts.  Suppose  in  some  power  scheme  that 
there  were  four  such  transmissions  in  various  directions  feeding 
different  centres,  and  thus  making  up  the  40  miles  of  cable. 

If  5  per  cent,  is  allowed  for  other  losses  in  the  cables,  apart  from 
capacity  losses,  it  is  practical  to  suppose  that  this  network  of  cables 
would  be  dealing  with  some  10,500  k.w.  at  their  outgoing  ends.  Now, 
it  was  satisfactorily  demonstrated  during  the  parliamentary  proceed- 
ings of  the  Power  Bills,  that  in  a  comprehensive  electric  power  supply, 
a  load  factor,  of  25  to  30  per  cent,  was  to  be  reasonably  expected,  if  it 
did  not  exceed  these  figures.  Take  10,500  k.w.  on,  say,  a  30  per  cent, 
load  factor  and  we  get 

Board  of  Trade  units  per  annum  =  27,405,000 

Board  of  Trade  units  tost  in  capacity  effects  ditto  =   2,700,000 

Total      30,105,000 

Thus  the  ratio 

Units  generated  per  annum         -^o'l  , 

,,    -rr-P".-. ~~rr-  -^~-  -'    =  ^^ =11  (apprOX). 

Units  lost  HI  capacity  effects         2*7  ^  ' '       ' 

From  this  results  that  the  units  lost  in  capacity  taken  over  a  year 
would  be  some  9  per  cent,  of  the  total  units  generated  for  the  supply. 
This  figure  of  9  per  cent,  might  be  further  reduced  by  reducing  the 
periodicity,  say,  to  40,  the  capacity  to  '4  M.F.  per  mile  or  less,  and  so  on. 
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Mr.  Cruhc  Qn  the  other  hand,  it  would  be  increased  by  diminishing  the  load- 
factor.  Of  course  it  must  be  admitted  that  this  9  per  cent,  added  to  the 
other  transmission  losses,  makes  the  total  loss  in  the  H.T.  mains,  even 
with  a  load-factor  of  30  per  cent.,  rather  formidable,  though  I  can 
scarcely  think  it  would  necessarily  quite  spoil  a  dividend  on  the  capital 
expenditure.  That  could  be  easily  gone  into,  though  I  do  not  propose 
to  do  so  here.  But  it  must  also  be  remembered  that  this  9  per  cent, 
is  arrived  at  assuming  generally  unfavourable  conditions ;  for  example, 
no  compensation  for  capacity-currents  through  induction,  the  periodicity- 
and  voltage  unnecessarily  high  for  the  conditions  named,  and  so  forth, 

Mr.  Mordey  shows  that  dielectric  hysteresis  is  the  only  important 
one  of  the  capacity  losses  in  the  mains  for  large  cables.  He  also  savs 
this  loss  is  not  preventible  and  cannot  be  counterbalanced  like  the 
capacity-current  itself,  but  that  this  hysteresis  may  be  lessened. 

In  this  connection  I  would  submit  two  points  ;  first,  tliat  if  it  is 
really  of  the  nature  of  a  mechanical  strain  in  the  dielectric  that  strain 
will  be  diminished  when  the  charging  currents  and  charges  helping  to 
produce  it  are  compensated,  even  though  the  periodicity  remain  the 
same ;  and  second,  that  in  the  H.T.  cables  likely  to  be  used  in  the  power 
schemes  the  dielectric  will  be  thick  and  so,  as  in  Mr.  Mordey's  opinion, 
the  strains  will  be  lessened. 

I  mention  these  two  points,  though  one  of  them  is  but  a  confecture, 
by  way  of  emphasising  the  fact  that  when  Mr.  Mordey's  factor  '124  is 
taken,  as  is  done  here,  in  any  calculations,  we  must  be  well  on  the  ^c 
side.  But,  as  already  stated,  9  per  cent,  annual  loss  in  capacity*  aJone, 
while  not  quite  a  desperate  one,  is  a  very  undesirable  one,  and  all 
means  of  diminishing  it  should  be  investigated  by  electrical  engineers. 
That  capacity,  on  the  other  hand,  under  certain  conditions  produces 
most  favourable  effects,  where  it  is  present  as  a  set-off  against  self- 
induction,  is  undoubted,  and  for  any  given  cases  the  figures  can  be 
calculated. 

Mr.  Mordey  proposes  to  vary  the  self-induction  and  balance  unth 
chokers.  Some  continental  engineers  have  contemplated  varying  the 
capacity,  always  an  increase  of  course  for  a  given  cable,  but  so  far  this 
latter  course  has  not  had  practical  success. 

In  Mr.  Mordey's  method  the  difficulty  would  seem  to  be  to  have 
practical  means  of  controlling  these  chokers  if  they  are  placed  along 
the  cables  themselves  instead  of  at  the  generators.  For  the  choker 
current  at  the  plant  full  load  and  light  load  would  have  to  be  very 
different,  and,  in  fact,  the  range  of  "apparent  watts"  in  the  chokers, 
over  comparatively  small  changes  of  plant  load,  would  be  probably 
enormous.  I  would  like  to  have  Mr.  Mordey's  opinion  on  this  point, 
because,  while  it  scarcely  appHes  to  Mr.  Mordey's  case,  in  deal- 
ing with  this  subject  in  Germany  recently,  it  has  been  urged  that 
the  suitable  distribution  of  the  chokers  along  the  transmission  cables  is 
the  best  arrangement  rather  than  having  them  all  at  the  generating 
source.  For  in  the  latter  case  the  alternators  alone  may  be  protected 
from  the  economical  disadvantages  of  large  wattless  currents  at  light 
loads,  while  in  the  former  case  the  mains  themselves  may  also  have 
their   otherwise   present   charging  currents  compensated   in   part   or 
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entirely,  and  so,  as  I  take  it,  the  cable  heating  and  hysteresis  losses    Mr.  Cruise, 
probably  sensibly  diminished. 

I  wish  to  add  a  few  words  about  capacity  effects  in  3-phase  3-core 
cables,  as  I  have  been  going  into  the  subject  recently  in  connection 
with  one  of  the  Electric  Power  Acts.  On  first  sight  it  might  seem  a 
complicated  subject,  but  on  investigation  I  think  it  proves  not  to  be  so. 
At  least,  I  refer  to  the  same  nature  of  effects  and  losses  dealt  with  in  the 
paper  under  discussion.  Mr.  Mordey  says  he  has  not  in  this  paper 
compared  the  question  of  capacity  of  3-phase  cables. 

It  seems  to  me  that  as  these  are  the  very  form  of  cables  likely  to  be 
largely  used,  for  other  economic  reasons,  in  the  power  schemes,  that 
the  consideration  of  them  in  brief  is  an  interesting  subject,  and,  as  I 
hope  to  show,  has  a  direct  and  important  bearing  on  the  present  paper 
and  discussion. 

I  have  been  able  to  get  some  figures  together  which  may  be  of  use 
to  the  members,  and  would  like  to  have  Mr.  Mordey's  opinion  on  them. 
The  important  point  is  that,  if  they  are  correct,  the  capacity  losses 
are  going  to  be  notably  less  in  three-phase,  three-core  cables  than  the 
losses  found  by  Mr.  Mordey  in  single-phase  concentric  cables.  I  am 
entirely  indebted  to  Monsieur  C.  H.  Guye,  an  eminent  continental 
electrical  expert,  for  many  of  the  statistics  given  in  working  out  these 
calculations,  and  he  has  kindly  given  me  his  permission  to  make  use  of 
them  here.  Some  of  the  actual  measures  of  capacity  have  already 
appeared  in  the  continental  technical  papers,  but  I  have  extended  them 
and  reduced  them  to  British  units. 

In  the  adjoined  table  there  are  two  different  examples  taken,  one  for 
10,000  volts  and  one  for  20,000  volts.  These  are  shown  respectively  as 
I.  and  II.  The  cables  are  lead-covered  and  armoured.  They  have 
been  recently  constructed  by  a  large  continental  cable  firm. 
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The  important  dimensions  in  the  cables  for  Cases 
I.  and  II.  are  given.    The  cables  are  of  the  form  : — 

Taking  the  details  given  in  order — 

(i)  I  am  not  sure  of  the  exact  distances  over 
which  the  cables  operate,  but  the  carrying  power 
and  distances  are  given  as  understood  by  the  size  of 
conductors,  voltage  and  power  transmitted  on  the 
three-phase  system,  star-connected  generators.  These 
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sizes   and  distances  are  of  special  application  to  the  Electric  Power   Mr.  Cruise. 

Acts,  where  no  distance  is  likely  to  be  greater  than,  or  even  to  attain, 

fifteen  miles, 

(2)  10,000  and  20,000  volts  between  conductors  in  the  above  system 

10,000 
of  transmission  involves  each  conductor  in  a  pressure  of  — and 

20,000  ^3 

T  ^=  volts  respectively,  above  earth.     It  is  this  latter  voltage  that 
v3 

influences  the  charging  currents. 

(4)  One  might  easily  expect  that  the  practical  measurement  k!  was 
the  capacity  to  be  considered  per  conductor.  On  the  other  hand,  it  is 
obvious  that  the  capacity  phenomena  in  such  a  cable  and  system  are 
complex,  and  here  again  it  is  that  M.  Guye  has  made  such  valuable 
researches,  both  practical  and  mathematical,  and  arrived  at  definite  and 
simple  results. 

{5)  M.  Guye  finds  that  k"  must  be  taken  into  account,  namely,  the 
capacity  of  the  three  conductors  in  parallel  to  the  sheath.  In  the 
measurement  under  (4)  the  two  conductors  and  the  sheath  were  taken 
in  parallel  and  measured  to  the  remaining  conductor,  k'  and  k"  are 
measurements  readily  taken,  and  M.  Guye  has  proved  that 

qk' k" 

(6)  The  resultant  capacity  K  =     ^      .    K,it  will  be  noticed,  is  less 

than  k"  and  greater  than  k' ;  it  approaches  most  to  k', 

(7)  Here  I  have  worked  out  the  charging  current  per  mile  of  each 
conductor.  The  periodicity  has  been  taken  at  40,  as  the  likely  figure  for 
power  transmission  in  this  country. 

(8)  Thence  is  calculated  the  apparent  k.w.  Joss  per  mile  for  the 
three  conductors. 

(9)  This  gives  the  total  apparent  k.w.  loss  over  the  respective 
lengths  of  cable  under  consideration. 

It  is  clear  that  the 'real  watts  cannot  be  more  than  the  apparent 
watts,  but  even  if  they  were  equal  they  would  prove  tolerably  negligible 
in  the  10,000  volt  cable,  which  voltage,  I  think,  is  likely  to  be  far  more 
employed  in  this  country  and  in  the  Power  Acts  than  20,000  volts. 

(10)  But  if  I  take  Mr.  Mordey's  factor  '124,  although  I  do  not  know 
how  far  it  is  right  to  apply  it  to  these  cables,  the  real  watts  would  be 
very  small  in  both  cases  compared  to  the  power  transmitted. 

Of  course  it  must  be  remembered  that  the  capacity  loss  is  con- 
tinuous, while  the  kilowatts  transmitted  have  to  be  considered  on  a  25 
or  30  per  cent,  load  factor  for  a  large  power  scheme. 

Taking  Case  II.  of  the  cables,  1.^.,  that  for  20,000  volts,  which  is  alto- 
gether the  least  favourable,  there  is 

17  k.w.  apparent  loss  per  mile, 
Say  real  loss  =  17  x^  124=  2*1  k.w. 

Take  forty  miles  of  transmission  divided  up  into  different  circuits, 
and  used  in  connection  with,  say,  7,000  k.w.  of  plant,  and  allowing 
5  per  cent,  transmission  losses  other  than  capacity  losses.  Allow  30  per 
cent,  load  factor.    We  get 


Mr.  Cruise. 


Mr.  Baillle. 


452    MORDEY:   CAPACITY   IN  ALTERNATE   CURRENT     [Feb.Uth, 

B.  of  T.  units  per  annum  ^  18,270,000 

B.  of  T.  units  lost  in  capacity  per  annum =       730,000 

Total 19,000,000 

Thus  the  ratio 

Units  generated  per  annum    190  

Units  lost  in  capacity  effects         73 

From  this  results  that  the  units  lost  in  capacity  taken  over  a  year 
would  be  some  3*8  per  cent,  of  the  total  units  generated  for  supply. 

The  worst  possible  conditions  have  been  taken,  and  yet  the  loss 
comes  out  far  less  than  with  single-phase  concentric  cables,  and  is, 
generally  speaking,  well  within  economic  bounds.  It  is  equally  certain 
that  it  would  be  far  better  to  have  this  loss  still  less.  That  might  easily 
be  attained  by  keeping  to  the  figure  10,000  volts  as  the  working  pressure, 
when  the  capacity  loss  would  at  once  cease  to  reach  a  dangerous  figure, 
in  fact,  it  would  be  comparatively  negligible. 

I  might  add  that  the  dielectric  in  the  cables  in  Cases  I.  and  II.  \\*a> 
paper  and  fibre.  But  taking,  as  has  been  done,  the  capacity  pjower- 
factor  at  Mr.  Mordey's  figure  for  rubber  cables,  it  is  all  in  favour  of  an 
excess  estimate  for  losses  in  these  three-phase  cables.  I  would  like  to 
have  Mr.  Mordey's  opinion  on  these  figures  and  results,  as,  if  correct, 
I  think  they  have  an  important  bearing  on  the  question  under  dis- 
cussion. There  is,  however,  one  important  point  to  note.  If  the 
Board  of  Trade  will  only  allow  small  loads,  say  1,000  k.w.  per  cable, 
then  the  per  cent,  capacity  losses  will  go  up  at  an  alarming  rate,  and 
they  would  eventually  become  very  formidable. 

For  low  power  cables,  say  500  k.w.  and  under,  or  somewhat  higher 
powers  for  very  long  distances,  the  losses  would  become  disastrous.  In 
one  case  I  have,  calculated,  where  10,000  volts  was  used  to  take  800  k.w. 
thirty  miles  on  the  three-phase  system,  if  this  transmission  had  been 
effected  with  underground  three-core  cables  the  capacity  loss  (124 
power-factor)  taken  over  a  year  might  easily  attain  20  per  cent,  of  the 
units  generated.  To  this  would  also  have,  to  be  added  the  other  trans- 
mission losses  (5  to  7  per  cent.),  making  the  whole  transmission  loss  a 
hopelessly  impracticable  one. 

Finally,  I  might  remark  that  the  continental  engineers  I  have  met 
with  seem  to  fear  resonance  effects  due  to  capacity  and  attendant 
insulation  breakdowns,  unless  certain  precautions  are  taken,  far  more 
than  the  capacity  losses  themselves.  It  is  true  that  on  the  ContineGt 
experience  has  largely  been  with  overhead  transmissions  ;  but  it  is  never- 
theless a  fact  that  the  first  extensive  high-tension  transmissions  through 
cables  are  also  being  done  on  the  Continent,  and  therefore  their 
experience  is  valuable.  Apparently  the  figures  shown  here  would  tentl 
to  confirm  one  in  the  belief  that  capacity  losses  in  well-designed  power 
schemes  will  not  be  dangerous  after  all. 

Mr.  G.  H.  Baillie  {communicated)  :  It  is  a  curious  fact  that  among 
all  the  power-factors  given  by  different  speakers,  the  professorial  .iff 
uniformly  lower  than  the  engineering  ones.  It  may,  perhaps,  hdr 
forward  the  end  preached  by  Mr.  Swinburne,  when  the  Professor  and 
the  Engineer  will  lie  down  together,  if  I  mention  some  experimcnul 
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results  obtained  by  a  professor  who  in  this  respect  is  among  the  Mr  Baiibe. 
engineers.  The  experiments  were  carried  out  by  Professor  Lombardi, 
and  I  myself  took  some  part  in  them  at  their  commencement ;  they 
are  published  partly  in  L'Eleitricisfa,  1896,  and  later  in  pamphlet  form, 
but  have  not  yet,  as  far  as  I  know,  been  translated  into  English.  The 
power-factor  found  for  waxed  paper  was  o'oi  i,  confirming  other  results 
already  mentioned  ;  for  two  Swinburne  condensers,  0*014  ^^^  0*023  ; 
for  two  samples  of  small  cables  insulated  with  guttapercha,  0*037  ^"^ 
o*o68  ;  for  two  samples  of  glass,  0*070  and  0*132,  confirming  Mr.  Swin- 
burne's previous  results.  The  power-factor  t)f  o*o68  for  guttapercha 
cable  is  certainly  high  enough  to  justify  Mr.  Mordey*s  contention  that 
the  loss  of  energy  in  cable  dielectrics  is  worthy  of  attention,  whether 
the  cause  of  the  loss  be  called  hysteresis,  leakage,  or  imperfect 
polarisation. 

That  some  part  of  the  energy  loss  is  due  to  hysteresis,  that  is,  to 
a  time-lag  between  the  stress  and  its  strain,  is  conclusively  shown  by 
Arno's  results  ;  but  it  is  probable  that  some  is  due  to  C^'R  losses,  where 
R  includes,  not  merely  the  arbitrary  resistance  as  measured  by  con- 
tinuous current,  but  also,  to  use  Maxwell's  analogy,  the  resistances 
between  the  elementary  condensers  of  which  an  imperfect  dielectric  is 
composed.  This  view  is  strengthened  by  the  results  of  Lombardi's 
experiments,  which  show  that  a  large  energy  loss  is  accompanied  by 
a  correspondingly  slow  polarisation,  for  in  the  imperfect  dielectric  as 
imagined  by  Maxwell  the  interposed  resistances  would  have  the  effect 
of  making  the  polarisation  slow.  The  waxed  paper  condenser,  which 
had  the  small  power-factor  of  0*01 1,  took  up  97  per  cent,  of  its  maximum 
charge  in  the  shortest  time  given  by  a  Helmholz  pendulum — something 
less  than  o'ooi  sec.  The  guttapercha  cable,  with  power-factor  of  0*037, 
took  up  90  per  cent,  of  its  charge  in  the  same  time  ;  while  glass,  with  the 
high  power-factor  of  0*137,  took  up  only  5  per  cent,  of  its  maximum 
charge.  Lombardi's  measurements  were  not  made  with  a  view  of 
establishing  any  relation  between  energy  loss  and  rapidity  of  polari- 
sation, and  are  not  sufficiently  numerous  to  do  so  ;  but  if  the  connection 
they  indicate  be  confirmed,  I  would  suggest  that  the  curves  obtained  in 
making  the  insulation  test  of  a  cable  might  a£ford  a  good  indication,  if 
not  a  measure,  of  the  energy  loss  to  be  expected.  The  cable-makers 
have  every  facility  for  taking  the  curves,  and  these  may  well  give  a 
better  idea  of  the  energy  loss  than  a  wattmeter,  which,  according  to  the 
discussion,  has  an  average  error  of  1,000  per  cent. 

In  criticising  Mr.  Mordey's  measurement  of  the  power  taken  by  the 
cable,  it  was  generally  assumed  that  his  readings  were  too  high  because 
he  had  used  a  wattmeter ;  as  a  matter  of  fact,  the  difiBculty  is  to  niake  a 
wattmeter  read  high  enough  under  the  conditions  of  the  test.  Self- 
induction  in  the  pressure  coil  of  the  wattmeter  would  tend  to  make  its 
readings  too  low,  unless,  as  Dr.  Sumpner  suggested,  there  was  sufficient 
to  make  the  wattmeter  read  more  negative  watts  than  there  were 
positive.  This,  though  theoretically  possible,  is  out  of  the  question  in 
Mr.  Mordey's  case ;  supposing  the  true  power-factor  to  be  0*025,  in 
order  to  measure  a  negative  power-factor  of  0*1 24^  the  wattmeter  must 
have  the  resistance  in  the  shunt  circuit  only  3,500  times  its  self-induction 


454     MORDEY:  CAPACITY   IN  ALTERNATE   CURRENT    [Feb.  14th. 


Mr. 

WhaUey. 


Mr.  Baiiiie.  coefficient ;  as  this  is  of  the  order  o*ooi-o*oi  henry,  the  resistance  must 
be  only  3-35  ohms,  and  I  do  not  think  such  a  wattmeter  is  on  the 
market.  As  an  alternative  way  of  measuring  negative  watts  io  mistake 
for  positive,  Dr.  Sumpner  suggests  transforming  down  the  volts.  This  is 
more  feasible,  if  the  secondary  volts  lag  more  than  180°  behind  the 
primary.  Mr.  Duddell,  however,  in  the  Electrician  of  February  8th,  says 
he  has  measured  a  lag  of  less  than  180°.  It  is  possible  that  the  short- 
circuited  secondary  coil  may  prove  a  source  of  error,  due  to  the  series 
coil  inducing  currents  in  it,  if  the  two  are  not  exactly  perpendiciilar. 

The  wattless  power  received  but  little  attention  in  the  discussioo. 
probably  because  it  is  unimportant  at  the  pressures  common  in 
England ;  at  extra  high  pressures,  however,  it  can  assume  startling 
proportions,  even  in  aerial  lines,  where  Mr.  Mordey  treated  it  as 
negligible.  This  may  be  seen  in  the  case  of  the  Standard  Electric 
Company's  3-phase  line,  transmitting  150  miles  to  San  Francisco  at 
60,000  volts,  where  the  engineers  expect  a  charging  current  of  32 
amperes,  representing  some  3,300  wattless  kilowatts.  If  cables  were 
substituted  for  the  overhead  line,  the  charging  current  would  be  about 
20  times  the  full-load  current. 

Mr.  A.  Whalley  :  Mr.  Mordey's  paper  has  a  special  interest  to  mc 
personally,  as  I  believe  his  attention  was  first  drawn  to  the  importance 
of  capacity-current  in  connection  with  a  large  network  of  2,000  volts 
concentric  rubber  cables  installed  at  St.  Petersburg  by  the  Helsby 
Company,  for  the  design  and  laying  of  which  I  was  responsible.  There 
arc  now  about  250  kilometres  of  cable  laid,  having  a  total  capacity-  erf 
about  88  M.F.,  the  capacity  current  being  theoretically  47  amperes.  It 
has,  however,  been  recognised  since  the  question  was  raised  that 
instead  of  this  current  being  a  disadvantage,  it  is  of  service  in  partly 
neutralising  the  wattless  current  of  the  transformers.  So  large  is  the 
latter,  however,  that  the  capacity-current  would  have  to  be  five  times 
larger  than  at  present  to  neutralise  it.  I  am  of  opinion  that  in  another 
direction  the  so-called  high  capacity  is  of  value,  as  there  has  been  an 
entire  absence  of  breakdown  of  the  cables  on  the  present  netx^ork, 
while  preceding  cables  of  much  lower  capacity  gave  considerable 
trouble  ;  the  breakdowns — as  is  generally  the  case — occurring  at  times 
of  light  load. 

From  tests  made  on  Helsby  Rubber  Cables — using,  through  the 
kindness  of  Professor  Ayrton,  .the  same  instruments  which  w^erc 
recently  used  elsewhere — it  is  found  that  the  losses  in  the  dielectric 
indicate  a  power-factor  well  under  3  per  cent.  With  the  same  cable 
the  results  vary  with  the  alternator  used,  and  may  be  reduced  by  uiung 
transformers.  A  power-factor  of  '0255  was  obtained  off  an  alternator 
at  103  r\J,  with  choking  coil  and  cable  in  parallel ;  while  u^ing 
another  alternator  at  50  rvJ>  without  a  choking  coil,  a  power-factor  c^ 
•0238  was  obtained,  and  of  "0228  when  transformers  were  used  between 
the  alternator  and  cable. 

It  is  of  interest  to  note  that  the  condition  for  a  choking  coil  to 
balance  a  given  capacity  is  that  of  resonance.  Fig.  M  (K.032)  show^ 
capacity  current  and  P.D.,  for  a  cable  of  -388  M.F.,  fed  by  a  par- 
ticular alternator  direct,  when  the   condition  of  resonance   is    t>eing 
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approached.  The  P.D.  is  2,000  RM.S.  volts,  and  the  current  0-2 
R.M.S.  amperes.  Some  caution  may  be  needed  before  using  a  network 
in  a  condition  of  resonance  until  it  is  known  if  there  is  then  any  special 
risk  of  the  breakdown  of  insulation. 

Fig.  N  (K.041)  shows  the  capacity  current  and  P.D.,  with  the  same 
alternator  working  on  a  cable  of  4*90  M.F.  at  1,980  R.M.S.  volts,  the 
capacity  current  being  6*04  R.M.S.  amperes.  These  photographic 
records,  and  the  power-factors  quoted,  show  that  the  peculiarities  of 
the  alternator  to  be  used  under  a  capacity-load  ought  to  be  kno\^Ti  when 
considering  the  adoption  of  choking  coils  or  the  value  of  the  power- 
factor  of  a  dielectric. 

The  same  machine  under  a  transformer  load  gives  the  curves  of 
P.D.,  and  current  shown  in  Fig.  P  (A.006),  at  2,040  R.M.S.  volts,  and 
29*5  R.M.S.  amperes,  when  the  machine  is  connected  direct  to  the 
transformers  to  avoid  capacity  in  the  primary  circuit,  and  the  secondan' 
load  of  the  transformers  is  practically  non-inductive. 

Mr.  Spark's  comparison  of  the  capacity  of  paper  versus  rubber  cables 
has  apparently  been  made  on  the  assumption  that  the  paper  cable 
would  have  about  twice  the  thickness  of  insulation  of  the  rubber  cable 
tested  by  Mr.  Mordey.  For  the  same  thickness  of  insulation  the  ratio 
of  the  two  capacities  is  generally  taken  as  being  2  to  3,  but  it  would  be 
wrong  to  assume  from  this  that  every  paper  cable  has  a  less  capadt} 
than  rubber,  as  a  very  small  percentage  of  moisture  left  in  the  oil  or 
paper,  or  absorbed  after  manufacture,  considerably  increases  the  capacity. 

The  heating  of  the  German  three-phase  cables  on  light  loads,  men- 
tioned by  Mr.  Mordey  on  the  authority  of  Mr.  Kapp,  requires  further 
elucidation  from  a  cable-maker's  point  of  view.  Such  heating,  when 
obtained  in  factory  tests,  is  generally  explained  by  a  local  fault  or 
extremely  low  insulation  throughout. 

Mr.  O'Gorman  raises  some  very  interesting  points,  and  his  cunes 
would  be  of  great  value  if  they  were  the  result  of  actual  tests  ;  in  fact, 
they  are  described  as  though  this  were  the  case.  I  believe  that  they 
are  simply  calculations,  however,  and  that  at  the  present  moment  the 
deductions  drawn  from  them  are  theoretical  and  have  still  to  be  proved 
in  practice. 

Mr.  L.  Andrews  :  In  spite  of  the  evidence  given  by  the  majorit)'  of 
those  who  took  part  in  the  discussion  upon  Mr.  Mordey's  paper,  which 
appeared  to  show  that  capacity-current  losses  in  high  tension  are  prac- 
tically nil,  I  still  think  that  the  cost  of  generating  current  for  chargijitl 
cables  is  a  very  serious  item  of  expenditure  in  many  alternate  current 
stations. 

At  Hastings,  for  instance,  between  the  hours  of  midnight  and  4  p.in 
during  the  past  year  we  have  generated  188,000  volt-ampere  units,  and 
for  this  purpose  have  used  about  840  tons  of  coal.  The  above  output 
may  be  analysed  as  follows  : — 


Useful  work 
Exciting  transformers 
Capacity  current ... 


94,600  units. 

35.000      „ 
58400      „ 


Total 


••• 


••• 


...  188,000  units. 
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Now,  I  am  convinced  that  if  we  had  no  high  tension  cables  to   ^^• 

«  L    X  1     1      «  1  ,  ^  .         .  Andrews. 

charge,  but  merely  had  to  generate  the  129,000  actual  units  per  annum, 
we  should  not  use  more  than  10  lbs.  of  coal  p)er  unit  generated.  On 
this  basis  the  actual  units  generated  would  account  for  a  coal  con- 
sumption of  579  tons  per  annum,  leaving  214  tons,  costing  £2S9f  *o 
be  accounted  for.  This,  we  believe,  represents  the  annual  cost  of 
charging  the  high  tension  cables  during  the  hours  of  light  load. 
AVhether  it  is  wasted  in  dielectric  hysteresis,  or  whether  it  is  entirely 
due  to  the  fact  that  for  several  hours  per  day  we  have  had  to  run  larger, 
and,  as  it  so  happens,  less  economical  plant  than  would  have  been 
needed  for  generating  the  actual  units,  is  not  known.  I  merely  wish  to 
show  that  ours  is  a  case  in  point  where  the  generation  of  capacity 
currents  does  apparently  cost  between  ;^30o  and  ;^40o  per  annum. 

We  have  for  some  time  been  taking  steps  to  prevent  the  above  loss 
by  arranging  our  system  of  distribution  in  such  a  manner  that  it  will  be 
possible  to  disconnect  the  whole  of  the  high  tension  feeders  and  trans- 
formers during  the  hours  of  light  load,  and  feed  the  few  con^ume^s  we 
have  on  at  that  period  through  the  low  tension  distributing  mains. 
When  we  have  this  completed,  we  shall  be  able  to  run  for  a  week  with 
our  high  tension  feeders  connected,  and  for  a  week  without,  and  so  be 
able  to  make  careful  comparisons  which  will  show  us  the  actual  cost, 
under  working  conditions,  of  generating  capacity  currents. 

Mr.  W.  DuDDELL  {communicated) :  As  I  am  responsible  for  the  Mr.  Duddcii 
statement  in  Mr.  Minshall's  remarks  that  the  Swinburne  wattmeter, 
used  in  the  tests  marked  thus  f ,  was  specially  calibrated  on  a  power- 
factor  of  o'l,  I  should  like  to  make  a  correction.  The  wattmeter  itself 
was  tested  on  a  low  power-factor  and  found  satisfactory  ;  but  the  wait- 
meter  in  conjunction  with  the  20,000  ohms  series  resistance,  as  used  by 
me  at  Croydon,  was  not  so  tested.  The  20,000  ohms  resistance  consisted 
of  two  10,000  ohm  coils  made  by  Mr.  Swinburne  aiid  wound  in  the 
manner  described  by  him  at  the  meeting. 

In  trying  to  find  out  whether  the  high  power-factor  of  the  Croydon 
cable  was  due  in  any  way  to  its  apparently  low  insulation  resistance,  I 
tried  the  effect  of  varying  the  frequency,  when  I  noticed  that  at  very 
low  frequencies  there  was  a  distinct  clicking  sound  in  the  20,000  ohm 
resistance,  which  I  traced  to  a  brush  discharge  occurring  between  the 
layers  of  wire  on  the  coils  at  each  peak  of  the  wave. 

This  brushing,  which  I  noticed  at  the  very  low  frequencies,  may  also 
be  taking  place  at  the  ordinary  frequencies,  and  leads  me  to  doubt  the 
accuracy  of  the  tests  taken  with  this  Swinburne  wattmeter  when  using 
the  20,000  ohm  resistance  in  series  with  the  P.D.  coil.  Further  experi- 
ments have  shown  that  the  wattmeter  always  reads  too  high  when  used, 
with  these  particular  coils,  to  measure  the  power  supplied  to  a  circuit 
in  which  the  current  leads,  even  when  no  brushing  occurs,  owing  to 
the  capacity  effect  between  the  different  layers  of  the  coils. 

Mr.  Mordey  and  Mr.  Mather  have  both  drawn  attention  to  the  effect 
of  wave  form  on  the  capacity  current  of  the  cable,  and  it  is  interesting 
in  this  connection  to  note  that  when  using  alternators  having  wave 
forms  very  different  from  a  sine  curve,  such  as  those  at  Croydon,  the 
frequency  of  the  cable  ciurent  is  several  times  the  frequency  of  the 
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Mow  ff?^'  fot,ilpowrr  >^ivcn  to  the  cable  and  to  Mr.  Mather's  choking- 
*  oil  *  /'^^//Z  nni  Imve  rx(rctle<l  o'3  x  2,150  or  645  watts.  The  power  given  to 
IIm'  (  fil  nlntiM  Hv////  //f>/  have  been  less  than  62  X  77,*  or  296  watt>. 
Mf'hM- III*'   po\MM   ^ivtri  to  the  cable  could  not  possibly  have  exceeded 

I  hi'  vnll  rtinptMi^  for  the  cable  were  obviously  2,150  x  5X),  or 
M.oM-,  !  \)v\H  o  ihi'  pnwiM  (aclor  of  the  cable  could  not  possibly  kaz^  heat 

/it'-  rt  Ih.in    '^''^  ,  01  *vi»j,H. 

r!\it  v.^hu',  ivo^M,  iv,  of  ctMusc\an  outside  limit,  and  ther^fortr  :? 
\\\\)S\\  \  \\\  \\s  \\\v  \y{\\y\  \y\\\x\  l;u  tv>r  00:4  published  by  Mr.  Mother  for 
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this  paper  cable,  but  that  the  b*-o  values  diflfcr  so  little  is  a  striking  Professor 
proof  of  the  accuracy  of  Mr.  Mather  s  figures. 

In  my  remarks  made  on  the  loth  of  January  I  promised  that  I  would 
construct  a  coil  without  iron  which,  under  Mr.  Mordey's  conditions  as 
regards  capacity,  frequency,'and  P.D.  should  vs*aste  far  less  energy  than 
diii  his  choker,  and  should  be  able  to  reduce  the  current  in  the  supply 
leads  to  a  fraction  of  the  least  value  which  he  was  able  to  arrive 
at.  Comparing  the  readings  of  the  instruments  in  the  preceding 
figure  with  those  in  Fig.  4,  page  378,  of  his  paper,  and  referring  to  the 
particulars  of  the  weights  of  their  coils  given  respectively  by  Mr. 
Mordey  and  Mr.  Mather,  we  see  that  the  comparison  is  as  follows  : — 


Least  current  in  supply  leads,  amperes... 

Mordey. 

Mather. 

1-6 

1 
03 

Power  in  watts  wasted  in  choking-coil 

500 

296 

Weight  in  pounds  of  complete  choking- 

V^^^4*         •••                  •••                  ■■•                  •••                  ••• 

260 

92-5 

Mr.  Sparks  has  told  us  that  in  carrying  out  the  test  described  in  Mr. 
Mordey's  paper,  the  energy-meter  rotated  backwards  when  applied  to 
the  cable.  To  be  logical,  therefore,  Mr.  Mordey  ought  to  have  con- 
cluded that  a  cable  was  a  source  of  energy.  But  I  presume  that  whether 
the  meter  ran  forwards  when  applied  to  the  choking-coil  alone,  or 
backwards  when  joined  with  the  cable  alone,  the  reading  was  in  each 
case  assumed  to  measure  energy  given  to  the  coil  or  cable  respectively. 

Directly,  however,  that  the  proof  of  Mr.  Mordey's  paper  was  sent 
out,  and  before  the  paper  wa$  read,  some  of  us  suspected  that  the 
energy-meter  in  his  experiments  did  run  backwards.  And  so  Mr. 
Evershed,  Mr.  Mather,  Mr.  Duddell,  and  myself  considered  indepen- 
dently what  an  energy-meter  attached  to  a  cable  really  indicated  when 
it  ran  backwards  ;  and  the  result,  which  has  been  tested  experimentally 
in  my  laboratory,  is  as  follows  : — 

Let  h  and  o  be  the  self-induction,  in  henries,  and  the  resistance,  in 
ohms,  of  the  pressure  coil  of  an  Elihu  Thomson  energy-meter,  that  is 
of  the  armature,  starting  coil,  and  so-called  non-inductive  resistance ; 
then  such  a  meter  attached  to  a  cable,  as  in  the  accompanying  figure 
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Fig.  H.  —Thomson  Epergy-Mctcr. 
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Professor       and  supplied  with  current  following  the  sine  law,  will  rotate  forwards, 
Ayrton.         ^^  ^,^^  ^^^  budge f  or  will  rotate  backwards,  according  as  the  true  fower- 

factor  of  the  cable  exceeds,  or  is  equal  to,  or  is  less  than,  -^. 

o 

Hence,  apart  from  the  rate  at  which  the  energy-meter  runs  back- 
wards, or  the  voltage  applied  to  the  cable,  or  what  current  may  flow 
into  it,  the  mere  fact  that  the  meter  does  run  backwards  proves,  with 
sine  waves,  that  the  ratio  of  the  true  power  to  the  volt-amperes,  that  is 
the  true  ^^ 

power-factor  of  the  cable,  is  less  than  — • 

Next,  measurements  were  made  on  four  modern  specimens  of 
Thomson  energy-meters,  for  the  loan  of  three  of  which  I  am  indebted 
to  the  British  Thomson- Houston  Company.  And  the  following  were 
the  results  obtained  : — 

No.    62,695  h  =  0*25  henry  0  =  3,785  ohms. 

»»    230,355  h  =  0-24      „  0  =  2,100 

*,    230,375  h  =  o'26     „  0  =  3,060 

„    230,380  h  =  o'22      „  o  =  3»095      M 


Hence,  if  the  meter  illustrated  in  Fig.  R  be  the  first  one  in  this  list, 
for  example,  and  if,  when  a  sine  wave  current  of  100  C\J  be  applied, 
the  meter  be  found  to  run  backwards,  then,  no  matter  at  what  speed  it 
may  run  backwards,  or  what  may  be  the  value  of  the  voltage  applied  to 
the  cable,  or  the  current  flowing  into  it,  the  true 

power-factor  of  the  cable  is  less  than  — ^—75 , 

i.e.,  is  less  than  0*042. 

And  this  limiting  maximum  value,  curiously  enough,  is  not  so  very  much 
greater  than  the  actual  value  found  by  Mr.  Mather  for  this  County  of 
London  cable,  viz.,  0*029. 

Further,  it  can  be  proved  that  the  faster  the  energy-meter  is  found 
to  run  backwards  the  smaller  is  the  true  power-factor  of  the  cable,  that 
is,  the  less  is  it  compared  with  this  limiting  value  0-042. 

If  instead  of  an  energy-meter,  a  simple  wattmeter  be  employed,  then 

for  running  forwards,  staying  at  rest  and  running  backwards,  we  have 

merely  to  substitute  a  positive  deflection,  deflection  nought,  and  a 

negative  deflection.    So  that  with  a  simple  wattmeter  applied  to  a  cable 

which  is  supplied  with  a  sine  wave  current,  the  wattmeter  will  give  a 

negative  deflection  (as  obtained,  for  example,  by  Dr.  Sumpner),  when 

the  true  ^  x 

power-factor  of  the  cable  is  less  than  -^, 

h  and  0  now  referring  to  the  fine  wire  circuit  of  the  wattmeter. 

As  the  preceding  energy  meters  can  only  be  employed  directly  on 

circuits  with  a  pressure  of  200  volts  or  less,  it  is  most  probable  that  Mr. 

Mordey,  in  his  tests,  used  some  form  of  step-down  transformer,  the 

'ffective  inductance  and  resistance  of  which  would  have  to  be  included 
the  preceding  formuhe.  But  no  information  has  been  given,  either 
'he  paper  or  in  the  discussion,  regarding  the  size,  shape,  resistance. 
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or  inductance  of  the  transformei:,  nor  are  we  even  told  whether  such  jTjfjJ^^ 
a  step-down  transformer  was  actually  employed. 

Mr.  Sparks  was  not  present  at  the  meeting  on  the  loth  of  January, 
and  so  has  been  misled  into  thinking  that  on  that  occasion  I  said  that  if 
measurements  were  accurately  made  with  the  County  of  London  Cable, 
the  value  found  for  the  "loss  of  energy  would  be  one-tenth  of  the 
figure  given."  No  such  statement  is  contained  in  the  shorthand  writer's 
official  transcript  of  the  verbatim  report  of  my  remarks,  nor  is  there  any 
such  statement  in  the  account  of  the  discussion  as  given  in  the  technical 
press  at  the  time. 

Perhaps  Mr.  Sparks  had  in  his  mind  what  I  said  about  the  value  of 
the  f)Ower-f actor,  o'oi,  found  some  years  ago  in  my  laboratory  for  the 
Swinburne  butter-skin  condensers.  If  so,  it  is  interesting  to  note 
that  Mr.  Swinburne  now  remarks  that  this  value,  o*oi,  is  not  lower,  but 
considerably  higher  than  he  himself  found  for  the  same  type  of  con- 
denser. 

Mr.  W.  M.  MoRDEY,  in  reply  :  I  will  not  detain  you  whilst  I  attempt  Mr.  Mordey. 
to  reply  to  all  the  speakers  ;  I  will  make  one  or  two  observations  only 
I  am  very  glad  the  last  speaker,  Mr.  Minshall,  has  given  his  experience, 
especially  as  in  his  tests  of  the  5,000- volt  Croydon  cable  he  has  been 
assisted  by  Mr.  Duddell.  His  power-factor  of  o*i  is  very  near  my 
own,  and  supports  the  belief  that  there  are  appreciable  losses  in  cable 
dielectrics.  A  further  practical  confirmation  has  reached  me  from  Mr. 
Kapp,  our  old  member,  who  has  written  me  from  Germany,  giving  a 
singular  confirmation.  They  find  high-tension  three-phase  cables  in 
Germany  get  appreciably  warm  on  light  load.  An  appreciable  warmth, 
of  course,  means  a  good  deal  of  power.  Such  an  observation  is  very 
important  iWe  have  been  told  by  Professor  Fleming  that  we  must 
use  a  motor  generator  test.  We  have  done  so.  Mr.  Sparks  has  used  a 
motor  generator  test,  and  Mr.  Minshall  has,  and  they  have  found  a 
large  addition  of  power  required  to  drive  the  motor  when  the  cable 
was  switched  on.  This  method  Mr.  Sparks  shows,  also  gives  a 
power-factor  of  more  than  o'l. 

I  should  like  to  recall  a  statement  made  by  Mr.  Swinburne  about 
ten  or  eleven  years  ago  at  the  Physical  Society  (see  Electrician, 
Dec.  19,  1900),  when  he  said  that  from  his  calculation  of  the  losses  in 
paper  condensers,  the  loss  in  Deptford  paper  mains  from  dielectric 
hysteresis  would  be  about  7,000  watts.  Curiously  enough,  Mr.  Par- 
tridge, who  did  not  know  of  this,  and  who  is  the  engineer  of  the 
Company,  assures  me  that  the  loss  in  these  cables  is  quite  1,000 
watts  per  mile,  or  exactly  the  figure  that  Mr.  Swinburne  gave  ten  years 
ago.  Some  of  the  figures  given,  even  the  figures  that  have  been  quoted 
by  Professor  Ayrton  from  Lombardi  and  Cardew,  confirm  me  to  a 
certain  extent ;  they  are  in  the  same  order.  Lombardi's  results  come 
out  at  o"o68.  That  is  in  the  same  order  as  the  losses  that  I  am  consider-  . 
ing.  It  is  not,  as  Professor  Ayrton  and  others  have  tried  to  show,  a 
mere  fraction  of  that  amount — a  mere  negligible  amount  undeserving 
of  serious  consideration.  With  some  kinds  of  cable  the  power-factor 
may  be  lower,  and  with  other  kinds  of  cable  it  may  be  much  more. 
Another  point :  cable  makers  have  told  me  that  they  have  often  had 
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Mr.  Mordey  cables  which  on  light  load  got  quite  warm  to  the  touch,  simply  from 
dielectric  hysteresis — cables  that  have  a  good  insulation  resistance. 

We  have  had  an  exceedingly  useful  discussion,  I  consider,  to-night 
Quite  possibly  I  may  turn  out  to  be  wrong  to  some  extent.  For  the 
sake  of  the  industry  I  shall  rejoice  to  find  that  I  am  very  much  wrong. 
Of  course  I  need  not  say  that  I  shall  be  very  sorry  for  personal  reasons 
if  I  havp  made  a  big  mistake.  I  do  not  think  I  have.  There  are  many 
practical  indications  that  I  have  not — such,  for  example,  as  the  known 
and  constderable  vibration  of  alternate-current  cables.  Such  a  vibration 
can  hardly  occur  in  a  heavy  cable  without  considerable  loss  of  power. 

May  I  say  that  I  never  claimed  for  one  moment  that  the  power- 
factor  found  in  that  cable,  and  now  apparently  confirmed  by  the  motor 
generator  method,  was  of  a  universal  application.  I  repeatedly  took 
pains  to  guard  against  such  an  impression.  I  knew,  of  course,  that  I 
was  building  general  conclusions  on  the  results  of  one  test,  and  I 
repeatedly  stated  in  my  paper  that  if  the  results  I  got  were  correct, 
and  if  they  applied  to  other  materials  and  other  kinds  of  cables,  the 
loss  of  energy  would  be  as  I  made  it  out  to  be. 

I  want  to  repeat  my  thanks  to  many  speakers,  especially  to  Mr. 
Sparks,  who  took  up  the  subject  as  a  serious  engineering  matter,  and  in 
his  Company's  interest  made  as  full  an  examination  as  he  could  with  the 
unusually  complete  means  at  his  disposal.  Personally  I  am  very  moch 
obliged  to  him,  and  I  think  the  Institution  ought  to  be  very  much 
obliged  to  him  for  the  trouble  he  has  taken  in  this  matter.  I  beg  to 
thank  the  gentlemen  who  have  done  me  the  honour  to  speak  on  the 
paper,  and  I  hope  to  deal  with  their  remarks  later  on. 

\^Added  by  Author^] — I  am  very  much  gratified  to  find  that  my  paper 
has  brought  out  such  a  mass  of  useful  information.  The  contributions 
to  the  discussion  seem  to  me  to  be  very  valuable.  It  would  not  be 
possible  for  me  to  deal  with  them  in  any  detail,  even  if  I  were  able  to 
do  so.  Fortunately  most  of  them  can  stand  by  themselves  as  usefd 
additions  to  the  knowledge  of  the  subject  apart  from  their  relation  to 
my  paper.  I  have  already  alluded  briefly  to  Professor  Ayrton's  con- 
tribution. He  misquoted  Cardew  and  Lombardi  in  his  effort  to  prove 
that  I  did  not  agree  with  him.  I  have  pointed  out  that  his  claims  to  early 
knowledge  must  not  be  taken  very  seriously,  seeing  that  up  to  the 
reading  of  my  paper  he  never  realised  the  very  great  importance  of 
wave  form  in  questions  of  capacity  current,  but  boasted  of  having  for 
ten  years  used  (presumably  for  teaching  purposes)  methods  which  are 
now  known  to  be  quite  unreliable  in  practice.  Although  right  enough 
on  the  blackboard,  they  were  wrong  by  two  or  three  times  (or  by 
two  hundred  or  three  hundred  per  cent,  as  he  would  picturesquely 
describe  it)  in  practical  applications.  From  Mr.  Sparks'  remarks  I 
learn  that  in  another  test  case  Professor  Ayrton  was  hopelessly 
wrong.  He  pointed  out  with  great  emphasis  that  my  choking-coil 
arrangement  for  reducing  capacity  current  generated  by  the  alter- 
nator was  very  imperfect  inasmuch  as  it  only  reduced  the  current 
from  6  amperes  to  i'6  amperes,  and  he  offered  to  supply  a  choking 
coil  which  would  reduce  it  to  0*07  amperes.  Professor  Ayrton  points 
out  that  the  proper  method  was  all  clearly  given  in  a  paper  by  him 
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before  the  Physical  Society  in  1891,  and  he  proceeds  to  criticise  my  Mr,  Mordey. 
result  thus  (quoting  from  the  shorthand  report) :  *'  But  now  if  we  take 
Mr.  Mordey's  own  experiment,  I  say  that  by  dealing  with  the  actual 
values  given  in  that  paper  without  going  a  step  further — ^and  that  is 
the  best  proof  of  what  was  in  that  paper — I  can  enormously  improve 
his  result."  He  then  shows  that  the  current  will  be  reduced  to  0*07  by 
his  coil  instead  of  i*6  by  mine.  Well,  Mr.  Sparks  has  told  us  that 
Professor  Ayrton  made  this  test  with  his  own  coil  and  brought  the 
current  down  not  to  0*07,  but  to  27  amperes. 

Thus,  instead  of  reducing  the  current  to  about  4  per  cent,  of  mine, 
by  his  coil  he  made  it  about  70  per  cent,  greater  than  mine — ^a  forty- 
fold  error — or  as  Professor  Ayrton  would  express  it,  an  error  of  four 
thousand  per  cent.  Truly  as  he  says,  "Without  going  a  step  further, 
that  is  the  best  proof  of  what  was  in  that  paper." 

It  is,  perhaps,  unfortunate  that  on  these  two  simple  matters  the 
tests  which  have  been  made  have  been  so  entirdy  against  Professor 
Ayrton's  conclusions.  It  has  rather  discouraged  me  from  considering 
the  rest  of  his  communication  as  carefully  as  it  ho  doubt  deserves  ; 
but  at  least  it  stands  in  the  Journal  for  reference. 

Professor  Ayrton? s  further  communication  (p.  460)  is  a  filling  out  in 
great  detail  of  what  I  pointed  out  briefly  at  p.  378  —viz.,  that  if  a 
choking-coil  be  used  to  balance  the  capacity,  and  if  the  balance  is 
perfect,  then  the  alternator  will  be  working  with  a  power-factor  of 
unity.  Professor  Ayrton  shows  that  the  watts  cannot  be  greater  than 
the  volt-amperes. 

Mr.  Sparks'  account  of  the  tests  that  have  been  made  on  his 
cable  will  be  read  with  interest  by  all  who  may  wish  to  study  this 
matter  seriously.  The  discrepancies  obtained  in  the  dielectric  losses 
show  the  difficulty  of  the  subject.  The  motor-generator  tests  seem  to 
fully  confirm  the  original  wattmeter  tests.  If  they  are  too  high,  it 
can  only  be  because  of  eddy  current  losses  in  the  generator  due 
to  the  charging  current.  This  source  of  error  would  be  eliminated  or 
reduced  by  using  a  choking  coil  to  balance  the  capacity  so  as  to  reduce 
the  charging  current  required  to  be  produced  by  the  generator. 

Mr.  Sparks'  observations  on  the  discrepancy  between  the  calculated 
and  the  observed  capacity  current  confirms  what  I  have  already  said, 
and  further  emphasises  the  need  for  stating  definitely  what  is  meant  by 
the  term  "  power-factor.'*  As  the  "  apparent  watts  "  may  vary  enor- 
mously while  the  true  watts  remain  fairly  constant,  it  is  evident  that  the 
term  power-factor  must  be  used  with  caution,  otherwise  misleading 
comparisons  may  be  made. 

I  am  glad  Mr.  Sparks  has  brought  out  so  clearly  the  practical 
importance  of  dielectric  hysteresis.  He  shows  that  even  if  the  lowest 
power-factor  found  in  the  tests — the  lowest  of  Professor  Ayrton' s  or 
Mr.  Mather's  results — is  the  correct  one,  the  annual  loss  on  his  cable 
will  be  155,000  units,  or  8*3  per  cent,  of  the  total  units  delivered.  At 
a  penny  a  unit  this  amounts  to  £6^$  a  year,  or  a  capitalised  value,  at 
5  per  cent.,  of  ;£i 2,900.  Mr.  Sparks  very  properly  points  out  that 
with  another  kind  of  dielectric  the  loss  might  be  only  one-thud  of 
this.    True,  but  do  not  let  us  forget  that  with  a  two-phase  cable  the  loss 
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Mr.  Mordcy.  would  be  doubled,  and  with  a  three-phase  cable  it  would  be  increased 
to  three  times  that  of  a  single-phase.  This  difference  between  single 
and  multiphase  working  seems  to  merit  some  attention. 

It  is  to  be  feared  that  Mr.  Sparks'  remarks  support  the  view  that 
dielectric  hysteresis,  considered  practically,  is  a  cause  of  serious  loss 
and  is  deserving  of  careful  attention. 

Dr.  Fleming's  former  connection  with  the  Dcptford  system  makes 
his  remarks  especially  interesting  to  me.  Knowing  the  great  difi5culties 
of  wattmeter  measurements  under  the  conditions  dealt  with  in  mv 
paper,  he  prefers  a  simple  motor-generator  test  to  any  purely  in^ru- 
mental  methods.  He  thinks  such  a  test  must  give  accurate  results. 
It  will  interest  Dr.  Fleming  to  see  that  Mr.  Sparks'  motor-generator 
test,  as  well  as  that  of  Mr.  Minshall,  fully  confirms  the  large  powo-- 
factor.  If  the  motor-generator  result  is  not  entirely  accurate,  it  must 
be,  as  I  have  pointed  out  above,  that  the  capacity  current  causes 
reactions  in  the  generator  which  lead  to  losses  in  eddies  and  magnetic 
hysteresis. 

I  am  interested  in  Dr.  Fleming's  account  of  his  own  efforts  to 
measure  the  losses  in  the  Deptford  cables  by  taking  indicator  diagrams 
of  the  engine  with  various  lengths  of  cable  in  circuit,  but  I  am  afraid 
I  cannot  agree  that  the  method  is  likely  to  give  accurate  results.  The 
engines  available  were  of  large  size,  and  their  indicator  cards  undw" 
very  light-load  conditions  would  be  of  such  a  character  that  it  would 
be  practically  impossible  to  detect  the  small  power  mentioned  by 
Dr.  Fleming. 

In  connection  with  the  Deptford  mains,  I  have  the  permission  of 
Mr.  G.  W.  Partridge,  the  Company's  engineer,  to  state  that  the  actual 
loss  of  power  in  their  mains  is  about  i  kilowatt  per  mile.  As  there 
are  28  miles  of  mains,  having  a  capacity  of  about  ^  mfd.  per  mile,  this 
works  out  for  the  28  miles  at  10,000  volts  87  f\J  to  18,215  apparent  watts 
per  mile  (assuming  sine-curve  E.M.F.),  and  on  Mr.  Partridge  s  figure 
of  the  true  loss  to  a  power-factor  of  0'055.  If  the  whole  28  miles  were 
always  in  use  the  annual  loss  would  be  245,280  units.  Mr.  Partridge, 
however,  reduces  the  loss  to  much  less  than  this  by  reducing  the 
number  of  mains  in  use  during  hours  of  light-load,  thus  saving  both 
the  true  loss  and  the  indirect  losses  due  to  the  production  of  "  wattless  " 
current.  This,  it  will  be  seen,  would  require  fully  500  k.w.  of  plant 
unless  compensated  in  some  way. 

Dr.  Sumpncr  says  I  should  state  the  dielectric  loss  as  a  percental 
of  the  load  the  cable  is  to  transmit.  To  do  that  one  must  know  the 
load.  Dr.  Sumpner  works  out  the  County  Company  case  and  makes  the 
loss  something  between"  J  per  cent,  and  ij  per  cent.  Mr,  Sparks,  the 
engineer  to  the  Company,  works  it  out  from  a  practical  knowledge  of 
the  load  and  assuming  the  lowest  power-factor  obtained  in  any  test 
referred  to  in  this  discussion,  and  finds  the  loss  will  be  8*3  per 
cent. 

Let  me  give  a  practical  case  that  has  just  come  under  my  notice. 
A  50  f\j  10,000- volt  three-phase  cable,  10  miles  long,  is  propK)sed  as  a 
means  for  supplying  a  lighting  load  having  a  maximum  of  200  k.w.  and 
a  load-factor  of  12  per  cent.    The  cable  is  expected  to  have  a  capacity 
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of  o*3  mfd.  per  mile.    Assuming  a  power-factor  of  only  0*025  (or  lower  Mr.  Mordey. 
than  any  one  has  yet  found  in  a  cable),  the  dielectric  loss  will  be  24  per 
cent  of  the  units  transmitted.    This,  of  course,  shows  how  unwise  it 
would  be  to  use  such  a  cable  for  such  a  load. 

I  am  much  interested  in  Dr.  Sumpner's  remarks  on  transformers  in 
connection  with  wattmeters,  although  I  am  afraid  I  do  not  altogether 
follow  his  argument.  He  refers  to  his  use  of  a  large  transformer 
"very  under-loaded,"  but  surely  he  knows — what  Dr.  Fleming  taught 
ten  years  ago  in  his  well-known  paper  on  transformers — that  a  trans- 
former fairly  well  loaded  had  a  power-factor  of  i,  and  kept  it  up  to  full 
load.    It  was  for  that  reason  that  in^arranging  my  wattmeter  I  purposely 
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made  the  short-circuited  suspended  secondary  of  such  a  character  that 
the  transformer  was  fully  loaded. 

Mt.  SwinbumCf  in  his  remarks,  is  interesting  and  suggestive  as  usual, 
but  I  do  not  think  there  are  any  points  that  call  for  a  reply  from  me. 
Mr.  Swinburne  made  gallant  efforts  to  introduce  condensers  into 
practical  use  a  good  many  years  ago ;  it  will  interest  him  and  others 
to  know  that  Mr.  Wm.  Stanley,  the  well-known  American  electrical 
engineer,  is  supplying  condensers  in  considerable  quantities  for 
improving  the  power-factor  of  alternate-current  motors.  Mr.  Stanley 
informs  me  that  there  must  be  over  100,000  H.P.  of  motors  working 
in  that  way  in  the  United  States,  and  he  sends  me  some  interesting 
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Mr  Morde>'.  curves  showing  results,  one  of  which  I  give  here  (Fig.  S).  The  import- 
ance of  this  result  will  be  at  once  recognised. 

I  have  discussed  with  Mr.  Stanley  the  questions  raised  in  my  paper, 
and  learn  from  him  that  there  are  very  considerable  dielectric  losses  in 
many  cables,  and  that  the  reduction  of  those  losses  in  the  dielectric  of 
his  condensers  occupied  him  for  a  very  long  time.  He  eventually 
succeeded  in  his  efforts  to  make  condensers  on  a  commercial  scale, 
in  which  the  losses  are  very  small.  The  very  slight  heating  of  the 
condensers  is  a  proof  of  this. 

From  another  eminent  American  electrician,  Mr.  Steinmetz,  I  hear 
indirectly  that  in  at  least  one  "  extra  high  tension  "  transmission  line  in 
the  United  States  where  there  is  some  underground  cable  it  has  been 
'  found  that  there  is  a  serious  dielectric  loss. 

Mr,  Mather  seems  to  have  gone  very  fully  into  several  of  the  points 
raised  in  my  paper,  and  is  apparently  of  Professor  Ajrr ton's  opinioo 
that  my  paper  is  only  useful  as  a  text  for  a  paper  of  his  own.  For  my 
part  I  am  satisfied  even  to  be  a  humble  text,  if  by  that  means  I  can 
bring  out  such  useful  sermons.  But  the  tone  of  the  sermon  is  not 
conducive  to  discussion,  so  I  gladly  let  it  stand  on  its  merits,  which  are 
considerable. 

Mr.  O'Gorman  suggests  that  the  heating  of  the  cable  mentioned  by 
Mr.  Kapp  may  be  due  to  local  failure  of  insulation  on  the  outer  layers 
of  the  cable,  and  that  the  heat  may  only  be  on  the  outside,  the  cable 
not  being  heated  throughout.  This  would  not  affect  the  result  All 
the  heat,  however  generated,  must  get  out  by  the  surface,  and  under 
long  continued  working  the  surface  temperature  would  be  the  same  for 
the  same  loss  of  energy,  whether  the  heat  came  from  the  centre  or  the 
outside  of  the  cable. 

A/r.  W,  E.  Gray  refers  to  several  points  of  great  interest  on  which 
at  present  there  is  very  little  available  information,  such  as  the  variatioa 
of  capacity,  and  the  effect  on  capacity  of  treatment  of  the  dielectric 
during  manufacture,  and  the  possibility  of  getting  low  capacity  with 
rubber  or  high  capacity  with  materials  that  are  supposed  to  have  a  low 
specific  capacity.  I  can  confirm  a  part  of  this  even  from  my  own 
small  experience,  as  I  came  across  a  large  paper-insulated  cable,  quite 
recently  supplied,  which  had  quite  as  high  a  capacity  as  the  rubber 
cable  on  which  my  tests  were  made.  Apparently  the  kind  of  paper 
and  the  material  used  to  permeate  the  paper  affect  the  result  very 
considerably.  Now  that  this  subject  has  come  up  in  a  practical  way 
it  is  to  be  hoped  that  we  shall  gradually  get  more  knowledge  on  the 
essential  points,  and  gradually  reduce  any  causes  of  loss  that  may  be 
under  control.  Cable  makers  will  gladly  co-operate  with  engineers  to 
this  end.  I  can  say  this  with  confidence  from  the  way  Mr.  Gray  ami 
other  cable  makers — Messrs.  Glovers,  Messrs.  Siemens,  and  the  British 
Insulated  Wire  Co. — endeavoured  to  help  me  in  my  efforts  to  collect 
information  on  the  points  I  have  been  trying  to  elucidate. 

Mr,  Threlfall  seems  to  be  one  of  the  very  few  men  who  have  worked 
successfully  at  the  construction  of  condensers  capable  of  standing  high 
pressures.  His  remarks  will  be  read  with  interest  He  objects  to  my 
ascribing  the  energy  losses  to  dielectric  hysteresis,  but  he  does  not 
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help  me  much,  as  one  of  his  conclusions  is  that "  the  cause  of  the  Mr.  Mordey. 
dissipation  of  energy  is  not  known."  I  gather  that,  like  Mr.  Swinburne, 
Mr.  Threlfall  thinks  part  of  the  loss  maybe  due  to  a  kind  of  conduction. 
This  is  a  question  of  pure  physics,  on  which  I  fear  I  am  not  very 
competent  to  speak,  but  I  would  refer  Mr.  Threlfall  to  the  passages 
near  the  end  of  my  paper  where  I  tried  to  express  a  ^milar  view. 
I  point  out  that  the  energy  component  of  the  capacity  current  **  in  all 
practical  essentials  is  a  leakage  current :  it  goes  right  through  the 
dielectric,  and  heats  it  in  its  passage  exactly  like  a  leakage  current." 
(See  p.  383.) 

I  used  the  term  "dielectric  hysteresis"  under  compulsion,  as  the 
only  current  electrical  term  to  cover  broadly  the  dissipation  of  energy 
in  insulating  materials,  but  I  do  not  like  it,  and  much  prefer  to  use  a 
non-committal  term,  such  as  "  loss  in  the  insulation." 

Mr.  MinshalTs  tests  at  Croydon  tend  to  confirm  the  serious  character 
of  the  dielectric  loss.  I  almost  wish  they  did  not,  as  it  would  then 
be  easier  for  me  to  say  that  I  think  we  have  in  Mr.  Minshall  a  man 
of  exceptional  ability  and  knowledge.  His  experiments  are  very  in- 
teresting and  very  important.  The  effect  of  capacity  in  increasing  the 
current  is  new  to  me.  On  that  and  other  points  many  of  us  would  be 
glad  to  hear  more.  I  hope  this  Institution  will  obtain  from  him  a  full 
account  of  the  work  of  which  in  this  discussion  he  has  given  only 
enough  to  excite  our  curiosity. 

Mr,  Frickefs  suggestion  that  dielectric  losses  should  be  taken  at 
different  periodicities  will,  I  hope,  be  acted  on.  The  pendulum 
illustration  seems  an  apt  one. 

Mr,  H,  M,  Sayers'  experience  of  breakdowns  and  their  reduction  by 
change  of  frequency  is  very  interesting  and  important.  As  very  few 
people  have  had  a  wider  practical  experience  than  Mr.  Sayers,  his 
remarks  on  possible  causes  of  cable  breakdowns  and  on  other  matters 
will  be  found  useful  and  suggestive. 

Mr.  Stuart  A,  Russcirs  conclusion  from  an  examination  of  Professor 
Ayrton*s  paper  on  "  Interference  with  Alternating  Currents,*'  is  the 
same  as  my  own.  It  appeared  to  me  to  be  a  collection  of  undigested 
purposeless  experiments  that  at  the  time  taught  nobody  more  than  it 
taught  its  author.  Mr.  Russell  is  also  correct  in  pointing  out  that  in 
1891  neither  Professor  Ayrton  nor  any  one  else  in  the  discussion  on 
Dr.  Fleming's  paper  showed  that  it  was  not  necessary  to  go  on 
generating  to  45  amperes  capacity-current  at  10,000  volts. 

Mr.  Esson  is  in  reality  in  agreement  with  me  at>out  the  "  Ohm's  law  " 
of  the  relation  between  pressure  and  capacity.  The  formulae  quoted 
as  showing  pedagogic  knowledge  of  principles  are  based  on  nothing 
more  substantial  than  a  supposed  necessity  for  some  basis  for  black- 
board calculations.  I  quite  agree  with  Mr.  Esson — these  relations  are 
"very  imperfectly  understood."  It  is  worse  than  mischievous  to 
express  them  as  laws. 

In  Mr.  Alexander  Rnsseirs  remarks  on  the  different  wave  effect  of 
condenser  and  choking  coils,  he  illustrates  once  more  the  difficulties  of 
getting  a  perfect  balance.  He  suggests  that  condensers  should  be 
reduced  in  size  by  transforming  up  ;  this  seems  sound,  but  I  cannot 
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Mr.  Mordcy.  find  that  it  is  ever  done.    I  wonder  why.     It  ought  to  be  useful  with 
low-tension  motors. 

Mr.  Addcnbrooke  thinks  the  Board  of  Trade  should  allow  overhead 
wires.  Probably  they  would  be  allowed  for  crossing  quite  open  country, 
but  we  arc  not  likely  to  see  them  again  in  towns.  His  tests  on  losses 
in  condensers  are  interesting,  but  not  necessarily  any  guide  to  losses  in 
cables.  There  seems  little  doubt  that  condensers  may  be  made  with 
very  small  losses.  But  if  the  same  care  were  applied  to  cable-making, 
the  price  of  the  cable  would  probably  go  up  very  much. 

Mr.  Addenbrooke's  researches  seem  to  have  covered  a  very  large  field 
during  the  last  few  years,  but  I  can  only  refer  to  a  few  of  the  points  he 
raises.  We  must  make  shift  with  cables,  as  it  is  pretty  certain  the 
Board  of  Trade  will  not  allow  overhead  wires,  except,  perhaps,  in  the 
open  country.  The  losses  in  condensers  are  probably  very  little  guide 
to  what  occurs  in  cables.  Even  if  the  materials  are  the  same,  the 
methods  of  manufacture  are  not. 

The  choking  coil  took  a  current  of  about  0*15  ampere.  I  did  not 
measure  it  very  carefully.  The  eddy  current  losses  in  chokers  with 
open  gaps  seem  to  be  considerable.  They  disappear  when  the  gap  is 
closed.  I  think  I  explained  that  I  used  an  iron  choker  with  a  gap  to 
be  able  to  put  it  in  a  reasonable-sized  iron  case.  For  practical  par- 
poses  the  external  field  of  an  ironless  choker  is  a  difficulty — and  it  ii. 
not  adjustable  easily. 

Mr.  Boot  confirms  my  observations  as  to  the  checking  of  an  engine 
when  an  idle  cable  is  switched  on.  I  hope  he  will  find  an  opportunity 
of  making  the  steam  tests  he  mentions.  His  estimate  of  the  cost  erf 
wattless  current  as  about  one-fourth  of  wattful  current  is  about  the 
same  as  my  own.  He  has  no  doubt  given  the  right  explanation  of  the 
change  produced  on  his  power-factor  by  increase  of  length  of  cable. 

Mr.  Nisbeit  speaks  as  a  practical  cable  maker.  I  am  very  glad  he  is 
taking  such  a  keen  interest  in  this  matter.  No  one  has  better  oppor- 
tunities for  experiment  and  investigation.  Whatever  result  my  paper 
may  have,  it  cannot  be  an  ill  one  for  paper  cables.  Mr.  Nisbett  says 
Deptford  could  not  lose  much  energy  in  its  mains  without  knowing  it — 
therefore  the  power-factor  must  be  low.  But  Mr.  Partridge  has  told 
me  that  he  has  found  considerable  losses  in  his  idle  mains,  and  there- 
fore only  keeps  enough  of  them  in  circuit  for  the  load.  Then  it  must 
not  be  forgotten  that  in  an  ordinary  alternate-current  station  a  diflFerence 
of  30  per  cent,  often  exists  between  the  "units  generated"  and  the 
"units  sold."  If  this  can  occur  at  2,000  volts,  what  may  not  happen  at 
10,000  or  15,000  ? 

Mr.  Nisbett  inclines  to  the  belief  that  the  power-factor  in  his  cables 
is  about  '025.  I  hope  he  is  right.  Let  us  assume,  for  the  sake  of 
argument,  that  he  is  right ;  and  let  us  further  assume  thftt  he  can  make 
cables  with  the  very  low  capacity  of  0*25  mfd.  per  mile.  What  will 
this  mean  in  a  three-phase,  10,000-volt,  50  r\J  cable  ?  It  will  mean  a 
loss  of  589  actual  watts,  or  5,150  B.  of  T.  units  per  mile  per  year.  At  id, 
>er  unit  this  eats  up  ;£2i  9s.  a  year.  The  loss  would  be  the  same  as  if 
".p.  lamps  were  placed  nine  yards  apart  along  the  mains. 

'r.  Nisbett  works  out  the  case  of  the  Midland  Power  Company's 
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cables,  and  shows  that  assuming  all  the  5,000  k.w.  of  plant  is  taken  up,   ^^-  Mordey. 

the  percentage  loss  will  only  be  1*2  per  cent.     He  kindly  sent  me 

particulars  of  those  same  cables.     I  make  the  loss  1*5  per  cent.,  but 

that  is  near  enough.    The  basis  of  comparison  seems  rather  a  dangerous 

one  from  a  business  point  of  view.    After  all,  it  does  not  take  many 

small  percentage  losses  to  absorb  an  ordinary  dividend,  and  1*5  per 

cent,  is  30  per  cent,  of  5  per  cent.    Till  the  whole  5,000  k.w.  is  taken 

up  it  will  be  more  than  30  per  cent,  of  5  per  cent.  !    On  the  important 

question  whether  the  power-factor  diminishes  or  increases  with  increase 

of  pressure,  I  note  the  difference  of  opinion  between  Mr.  Nisbett  and 

Dr.  Hoor ;  but  he  does  not  give  any  reference  to  Dr.  Hoor's  results, 

which  were  not  contributed  to  this  discussion.    The  only  test  I  have 

been  able  to  make  is  that  given  in  Fig.  i.    The  straightness  of  the 

"  curve  "  suggests  that  the  power-factor  is  constant  at  least  for  pressures 

up  to  4,500  volts. 

I  quite  agree  with  Mr.  Nisbett  that  chokers  to  reduce  capacity- 
current  generated  are  only  useful  at  times  of  light  load.  Unfortunately 
light  load  often  occupies  a  large  part  of  the  day. 

Mr.  Nisbett  concludes  by  asking  where  the  demand  for  condensers 
is  to  be  found.  The  curves  I  have  given  of  their  effect  on  motor 
power-factors  (p.  467)  will  answer  this  question. 

Mr.  Cruises  contribution  to  the  discussion  deserves  careful  study. 
As  he  is  engaged  practically  in  connection  with  extra-high-tension  work 
his  opportunities  for  obtaining  information  are  probably  considerable. 
As  to  the  amount  of  the  losses,  Mr.  Cruise  is  now  in  possession  of  all  the 
information  I  can  give  him,  and  can  very  well  form  his  own  conclusions. 
He  regards  a  loss  of  9  or  10  per  cent,  as  only  "  rather  formidable,"  but 
thinks  it  would  not  quite  spoil  a  dividend :  I  should  have  thought  it 
would  have  wiped  it  out  altogether.  He  assumes  a  large  load  and  a 
high  load-factor,  and  thinks  it  has  been  satisfactorily  demonstrated  that 
these  things  may  reasonably  be  expected.  He  assumes  that  in  power 
schemes  2,500  k.w.  per  cable  will  be  common.  I  quite  agree  with  him 
that  if  all  these  desirable  conditions  are  obtained  all  will  be  well.  He 
builds  his  hopes  on  it,  but  admits  that  if  it  does  not  come  off — if  the 
distribution  is  largely  by  cables  supplying  500  k.w.  or  less — then  the 
losses  will  be  disastrous.  I  fear  he  is  quite  right,  and  can  assure  him 
that  they  become  very  serious  indeed  even  with  such  low  power-factors 
as  0*025. 

He  puts  the  "  other  transmission  losses  "  at  5  to  7  per  cent.  For  my 
part  I  should  be  very  agreeably  surprised  if  the  other  transmission  and 
transformation  losses  come  out  at  less  than  20  per  cent. 

Mr.  Cruise's  table  is  both  useful  and  interesting. 

Mr,  Baillie  makes  the  useful  suggestion  that  cable  makers  should 
endeavour  to  take  the  energ>'  loss  by  observing  the  rapidity  of  polarisa- 
tion, and  points  out  that  they  have  all  the  facilities  for  doing  this  in 
making  their  insulation  tests.  Mr.  Baillie  points  out  that  Lombardi's 
power-factor  of  o*o68  was  got  on  a  cable  and  not  on  a  condenser.  It 
was  a  gutta-percha  cable — the  only  one  referred  to  in  this  discussion. 

Mr.  Whalley  is  quite  right.  My  attention  was  first  called  to  this 
capacity  matter  by  the  study  at  St.  Petersburg  of  some  effects  occurring 
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Mr.  Mordey.  in  the  enormous  network  of  Helsby  cables  there.  He  points  out  that 
the  great  capacity  of  88  mfd.  in  that  installation  is  a  great  adx-antage. 
as  it  balances  the  large  wattless  current  of  the  transformers.  I  both 
agree  and  disagree.  I  learnt  several  things  at  St.  Petersburg,  and  one 
was  that  the  transformers  supplied  by  the  continental  makers  are  much 
below  our  English  standard.  I  was  very  much  surprised  to  find  trans- 
formers with  o*5  to  o*6  power-factor  and  with  energy  losses  far  greater 
than  would  be  tolerated  here.  I  do  not  agree  that  it  should  be  neces- 
sary to  provide  a  balance  for  such  transformers,  but,  having  them,  it  is 
no  doubt  also  a  good  thing  that  the  cables  should  have  a  large  capacity. 
Mr.  Whallcy's  interesting  curves  show  how  greatly  the  oscillograph 
must  aid  in  the  study  of  this  subject. 

Mr.  L.  Andrews  is  very  much  to  the  point  in  showing  that  the  charging 
of  his  mains  is  costing  him  between  ;£300  and  ;£4O0  a  year.  He  has 
gone  so  far  as  to  rearrange  his  system  to  avoid  this  loss  during  light- 
load  hours.  I  hope  he  will  not  forget  to  let  us  have  the  result  of  the 
comparative  tests  he  intends  to  make  when  he  gets  his  arrangement^ 
completed. 

Conclusion. — It  would  require  a  great  deal  of  time  and  space  to  do 
justice  to  the  discussion.  I  have  only  been  able  to  touch  on  some  of 
the  salient  points.  I  am  greatly  obliged  to  all  who  have  contributed  to 
the  elucidation  of  this  subject.  A  mass  of  very  useful  additional  a»3 
critical  matter  has  been  provided. 

Attention  has  been  directed  chiefly  to  the  loss  of  energy,  and  on  the 
whole  with  a  very  useful  result. 

One  object  of  my  paper  was  to  iiSow  that  in  the  dielectric  of  cablo 
losses  were  being  entirely  overlooked  which  were  of  engineering  im- 
portance. I  went  so  far  as  to  say  these  losses  were  often  more  important 
than  the  copper  losses.  I  gave  the  results  of  certain  tests  which  may 
or  may  not  have  been  correct.  Similar  values  have  been  got  on  other 
cables  by  other  people — capable  observers  like  Mr.  Minshall  and  Mr. 
Duddell.  My  tests  have  been  disputed,  but  it  has  been  shown  bj^  Mr. 
Sparks,  the  engineer  of  the  company  working  the  cables,  that  even  on 
the  basis  of  the  lowest  results  obtained  by  later  tests,  this  dielectric  loss 
consumes  more  than  8  per  cent,  of  the  energy  transmitted  by  the  cables 
in  question— that  is  to  say,  actually  more  than  the  copper  loss.  Since 
the  discussion  I  have  had  occasion  to  go  into  the  details  of  a  power 
transmission  scheme,  and  I  find,  so  far  from  the  dielectric  losses  being 
insignificant  and  unworthy  of  consideration,  that  on  the  basis  of  the 
lowest  and  latest  values  obtained  by  my  critics,  the  dielectric  losses  Vkiii 
amount  to  considerably  more  than  the  copper  losses.  My  study  of  thi- 
matter  shows  its  very  great  and  serious  importance,  especially  in  con- 
nection with  "  extra-high-pressure  "  schemes  of  transmission.  In  my 
paper  I  may  or  may  not  have  been  right  as  to  the  amount  of  the  lo^j^— 
that  is  not  the  essential  point ;  the  practical  question  is  whether  the  lo^^ 
is  one  which  will  affect  practical  engineering  problems.  I  find  that 
even  on  the  most  favourable  assumption  the  loss  is  sufficiently  serious  to 
affect  the  way  we  must  regard  such  problems  in  high-tension  work  as 
the  choice  of  pressure,  of  frequency,  of  number  of  phases,  of  type 
material,  size,  and  construction  of  cables,  of  amount  of  load  per  caWe. 
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In  more  than  one  of  these  things  this  loss  will  be  found  to  be  the   ^'*'-  Mordey. 
controlling  factor. 

The  Presiden't  :  We  have  already  thanked   Mr.  Mordey  for   his  The 
paper,  but  may  I  ask  you  again  to  give  your  thanks  to  him  for  his 
contribution  ? 

The  motion  was  carried  with  acclamation. 

The  President  announced  that  the  scrutineers  reported  the  fol- 
lowing candidates  had  been  duly  elected  : — 


Arthur  Jacob. 


Stuart  Bell. 
Albert  Campbell,  B.A. 
Alfred  George  Cooper. 
Frank  Little. 


Members : 

Major-General    Beresford 
I  Lovett,  C.B.,  C.S.I..  R.E. 

Associate  Members  : 

Edward  John  Neachell. 
Charles  Frederick  Smith. 
Albert  Thomas  Turney. 


Associates 


Ernest  Edward  Allen. 
Edward  Harold  Atkinson. 
Alfred  H.  Cahen,  B.Sc. 
James  L.  Chambers. 
Oliver  Hammond  Ellis. 
Harold  William  Firth. 
Charles  William  Forster. 


Benjamin  Baily. 
Herbert  Sugden  Binns. 
Joseph  John  Fasola. 
Fred.  E.  Green. 
Frank  Clements  Knowles. 
John  Ormiston  McLaren. 
Reginald  Phillips. 


Archibald  Ernest  Grant. 
Charles  Harold  Higgins. 
Frederick  Walter  Shorrocks. 
Shelley  Albert  Stammwitz. 
Charles  Stewart,  B.Sc. 
Herbert  Osborn  Wraith. 


Students: 

\      Edgar  Lloyd  Smith. 
I      George  Edward  Smith, 
i      William  Henry  Taylor. 

Sidney  Mark  George  Teal. 

R.  Elliott  S.  Turnbull. 

James  W.  Wilson. 


}j0fc, — The  Institution  is  indebted  to  the  Electrician  for  the  blocks  of  the 
Figures  on  pp.  389,  426,  427,  455,  456,  and  457,  and  to  the  Electrical  Review  for 
those  of  the  Figures  on  pp.  460,  461,  in  the  discussion  on  Mr.  Mordey's 
Paper. — Ed. 
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The  Three  Hundred  and  Fifty-Eighth  Ordinary  General 
Meeting  of  the  Institution  was  held  at  the  Institution 
of  Civil  Engineers,  Great  George  Street,  Westminster, 
on  Thursday  evening,  February  21st,  1901 — Professor 
John  Perry,  F.R.S.,  President,  in  the  Cliair. 

The  minutes  of  the  Ordinary  General  Meeting  held  on 
February  14th,  1901,  were  read  and  confirmed. 

The  names  of  new  candidates  for  election  into  the 
Institution  were  announced,  and  it  was  ordered  that  the 
list  should  be  suspended  in  the  library. 

The  following  transfers  were  announced  as  having  been 
approved  by  the  Council,  viz. ; — 

P'rom  the  class  of  Associates  to  that  of  Members — 

Edward  Stanley  Franklin. 

From  the  class  of  As.sociates  to  that  of  Associate 
Members^— 

George  Henry  Corringham.        |  Frederic  E.  Nosworthy. 

From  the  class  of  Students  to  that  of  Associates — 

William  James  Cooper.  1  Eustace  Graham  Sheppard. 

Edward  Henderson  Freeman.  Henry  Sinclair  Watson, 

McLidel  Finkclstdn.  | 

Messrs.  H.  J.  Moysey  and  H.  J.  Hodges  were  appointed 
•iiTiitinPoiv:  r,(  (iio  ballot  for  the  election  of  new  members. 

I  the  Building  Fund  were  announced  as 
!ived  since  the  last  meeting  from: — Messrs. 
R.  C.  Barker,  B.  Balaji,  R.  J.  Brown, 
:!,  and  C.  W.  Fourness,  to  all  of  whom  the 
eeting  were  duly  accorded. 

ENT :  The  following  resolution  from  the 
il    Section    has    been    received    since    our 

;ek:— 
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Newcastle  Local  Section.  Resolution  passed  at  the  meeting  of 
February  nth. 
"That  we,  the  Newcastle  Local  Section  of  the  Institution  of 
Electrical  Engineers,  express  our  grief  at  the  death  of  our  late  Beloved 
Sovereign,  Her  Majesty,  Queen  Victoria,  and  our  most  loyal  sympathy 
with  our  present  Gracious  Sovereign,  King  Edward  the  VI L,  and  to 
requeSl  the  Secretary  of  the  Institution  to  forward  the  same  to  the 
proper  quarter." 


THE  ELECTRICAL  POV^ER  BILLS  OF  1900  : 

BEFORE  AND  AFTER. 

By  Wm.  L.  Madgen,  Member. 

The  difficulty  of  selecting  a  title  to  describe  suitably  a 
statement  dealing  with  many  considerations  is  a  familiar 
one,  and  as  I  should  wish  to  deflect  discussion  to  more 
important  questions,  I  will  by  way  of  preamble  more 
particularly  describe  the  scope  and  intention  of  this  paper. 

The  intention,  then,  is  to  consider  those  conditions  of 
our  electrical  industry  which  led  up  to  the  Electrical  Power 
Bills  of  the  past  session,  to  describe  briefly  some  of  the 
main  features  of  the  Bills  themselves,  and  to  urge  the 
Institution  to  determine  what  its  attitude  should  be  in  face 
of  the  charges  of  backwardness  continually  being  made  in 
regard  to  the  appHcations  of  electrical  energy  in  this  country. 

To  present  a  connected  case  it  may  be  necessary  to 
traverse  a  certain  amount  of  ground  well  known  to  many 
of  us  ;  but  it  is  in  the  hope  that  we  shall  be  more  firmly 
united  in  our  struggle  against  the  continuing  legislative 
and  other  difficulties  by  which  our  path  is  sorely  beset, 
that  I  ask  you  to  review  the  situation  this  evening. 

The  new  century  has  been  acclaimed  on  all  hands  as 
the  age  of  electricity,  but  every  article  on  the  subject  in 
the  magazines  and  daily  press,  and  they  have  been  many, 
appears  to  bewail  the  backwardness  of  this  country  in 
electrical  enterprise. 

The  Daily  News^  in  a  leading  article  devoted  to  the 
recent  visit  of  Mr.  C.  T.  Yerkes,  the  American  tramway 
magnate,  suggests  that  now  Mr.  Yerkes  is  about  to  have 
his  hand  in  on  this  side  he  might  proceed  to  think  out 
some    magnificent    scheme    for    enabling    the    people    of 
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England,  among  other  things,  to  .work  their  factories  and 
workshops  by  electricity  ! 

The  Daily  Graphic,  in  an  illustrated  article  describing 
electrical  developments  in  northern  Italy,  notes  that  **.  .  . 
in  one  enormous  industry  there  can  be  no  doubt  that 
we  are  far  behind  nearly  every  important  country  in  the 
world.  That  industry  is,  in  broad  terms,  the  adaptation 
of  electrical  energy  to  the  needs  of  man." 

The  Daily  Mail,  in  a  leader  headed  "Our  Start  in  the 
Electrical  Age,"  says  :  "  In  the  twentieth  century  we  find  that 
our  competitors  are  ahead  of  us  in  the  utilisation  and  appli- 
cation of  electricity.  It  is  not  to  England  that  the  foreigner 
comes  for  dynamos  or  electric  tools  or  electric  lifts  or  electric 
railway  and  tramway  fittings.  .  .  .  Our  streets  are  rarely 
lighted  by  electricity.  As  a  motive  power  on  our  railways 
and  tramways  this  new  force  has  been  as  yet  only 
occasionally  employed,  and  the  two  or  three  electric  rail- 
ways of  London  are  still  a  source  of  wonder  to  the 
inhabitants  of  our  islands.  All  this  is  greatly  changed 
from  the  day  when  we  led  the  world.  And  whereas  in 
the  past  we  built  the  foreigners'  steam  railways,  to-day 
the  American  is  building,  or  proposing  to  build,  our  electric 
lines." 

This  article  goes  on  to  say  that  "  it  would  be  interesting 
to  investigate  the  causes  of  our  backwardness."  The  matter 
is,  howfever,  something  more  than  "interesting,"  it  is  one 
that  demands  our  most  active  concern. 

Some  of  the  indictments  are  more  sweeping.  It  appears 
we  are  not  all  alone  unhappy ;  the  Pall  Mall  considers  that 
"  in  every  department  of  public  life  our  methods  are  out 
of  date.  We  feast  on  words  and  trade  upon  tradition.  ,  .  , 
We  forget  tjiat,  though  the  camel  may  exist  for  a  p>eriod 
upon  its  own  hump,  the  process  cannot  last  for  ever.  We 
have  been  like  Brahmins  in  our  pride  and  Mandarins  in 
our  methods,  and  that  is  a  bad  combination."  Fieldcns 
Magazine,  the  militantly  British,  finds  space  for  Sir  W.  H. 
Preece  to  say,  dpropos  of  the  dangers  of  foreign  competition, 
that  "we  are  a  foolish  and  conceited  nation,  and  blind  to 
ur  own  deficiencies." 

The  above  are  a  few  examples  of  the  reproach  which  has 

>me  familiar  to  most  of  us.  It  may  be  the  habit  of  the 
\  "  in  the  intervals  of  blowing  our  own  trumpets,  to 
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rush  to  the  other  extreme,  and  to  needlessly  belittle  our- 
selves." It  may  be  that  "prophets  of  ill  are  for  ever  telling 
us  of  the  decadence  of  our  industries  and  of  the  rapid 
progress  of  our  rivals,"  but  there  is  no  comfort  for  the 
electrical  engineer  in  any  such  commonplace. 

After  the  events  of  the  past  year  there  is  little  need  to 
urge  that  the  national  sentiment  is  as  sound  among  mem- 
bers of  this  Institution  as  in  any  part  of  the  community, 
and  the  conclusion  which  has  been  forced  upon  us  from  all 
sides  that  the  extent  of  our  department  of  industrial  work 
is  far  behind  that  of  nearly  every  other  important  nation  in 
the  world,  is  sufficiently  mortifying. 

There  may  be  some  of  us  who  find  amusement  in  the 
comments  of  the  daily  papers  on  technical  subjects,  but  it 
should  be  remembered  that  the  articles  we  scoff  at  are  read 
by  thousands  of  those  of  our  fellow-countrymen  who  make 
up  those  sentiments  and  influences  which  affect  us  seriously, 
and  it  seems  full  time  that  steps  should  be  taken  to  place 
the  responsibility  for  our  backwardness  where  it  belongs. 

We  shall  have  to  take  our  own  part,  or  we  shall  find  the 
public  ordering  German  plant  with  the  same  complacency 
as  they  purchase  German  pianos. 

It  has  become  the  custom  with  some  of  us  to  devote 
occasionally  a  few  weeks  to  the  visiting  of  other  countries  to 
benefit  by  the  experience  gained  there  in  the  developments 
of  electrical  work,  and  thanks  principally  to  the  energy  of 
our  Secretary  this  practice  has  become  organised,  and  a 
largely  increasing  number  now  have  opportunities  of  taking 
part  in  these  expeditions. 

The  reflections  ensuing  upon  these  visits  have  no  doubt 
varied  in  depth,  and  in  character,  with  the  individual  and 
the  nature  of  his  occupations. 

One  of  our  greatest  science  teachers,  in  his  Presidential 
address  which  lives  in  our  memory,  referred  in  inspiring 
terms  to  the  visit  to  Switzerland  and  the  revelation  it  was  to 
us.  We  were,  he  said,  very  much  like  what  engineers  of 
1870  would  have  been  if  brought  suddenly  into  a  generating 
station,  and  attributed  much,  if  not  most,  of  our  backward- 
ness to  our  knowing  too  little  theory. 

I  am  inclined  to  the  view  that  this  lack  of  theoretical 
knowledge  is  an  effect  rather  than  a  cause  of  our  troubles. 
In  Germany  and  Switzerland  particularly  we  see  a  systematic 
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devotion,  to  technical  and  scientific  training,  but  tlie  A&i- 
cans  have  applied  themselves  rather  less  to  th^^nnciples 
than  to  the  applications  of  science,  and  it  is  the  latter 
country  which  is  probably  the  most  in  advance  of  us  in 
electrical  engineering. 

It  is  unnecessary,  however,  to  give  occasion  for  a  discus- 
sion on  theory  versus  practice.  I  am  sure  we  take  it  to  heart 
that  we  have  too  little  theory,  and  will  loyally  support  those 
who  are  endeavouring  to  apply  more  scientific  methods  to 
our  manufactures.  I  am  more  apprehensive  just  now  con- 
cerning the  scope  for  the  employment  of  the  young  electrical 
engineer  when  he  has  been  prepared  by  the  most  approved 
methods. 

We  have  no  feeling  but  cordial  goodwill  for  those  friends 
abroad  who  have  made  our  visits  so  pleasant  and  instruc- 
tive ;  but  the  reflections  of  many  of  us  on  our  return  have 
been  those  of  indignation  at  the  obstacles  set  in  the  path  of 
our  industry  by  the  governing  bodies  of  this  country,  and  of 
resentment  at  the  wretched  waste  of  energy  and  enterprise 
which  they  have  occasioned. 

The  electrical  engineers  of  the  United  Kingdom  are  not 
to  blame,  and  there  is  no  occasion  for  any  apology  on  their 
behalf.  I  am  aware  there  may  be  those  who  are  interested 
in  the  maintenance  of  old  methods  of  working,  and  we  have 
internal  complaints  now  and  again  for  which  the  Observatory 
at  Kew  may  for  the  moment  be  taken  as  a  symbol.  But 
we  can  put  such  issues  past  us  for  the  present,  and  con- 
sider whether  it  is  not  our  duty  to  make  a  united  eflFort  to 
secure  liberal  measures  of  enfranchisement. 

The  position  cannot  be  attributed  to  lack  of  ability  or 
inventiveness  on  the  part  of  British  engineers.  Some  of  the 
most  important  improvements  have  been  worked  out  in  this 
country,  but  our  environment  has  been  too  much  for  them, 
and  they  have  found  their  fullest  practical  application 
abroad. 

One  of  the  first  electric  tramways  on  a  practical  scale 
was  put  down  in  the  north  of  Ireland  by  Lord  Kelvin,  Mr. 
Traill,  and  others,  but  the  effect  of  the  Act  of  1870  which 
had  been  humorously  entitled  "An  Act  to  facilitate  the 
construction  and  to  regulate  the  working  of  Tramways," 

'  been  disastrous  to  tramway  enterprise  in  this  country, 
^he  principles  of  dynamo  construction  \\ere  worked  out 


iV       1901.]  BEFORE  AND  AFTER.  479 

r.  atari  early  stage  by  the  late  Dr.  John  Hopkinson,  whose 
share  in  the  evolution  of  the  three-wire  system  is  also  well 
known  to  us. 

To  Swan  as  much  as  to  any  other  the  world  is  indebted 
for  the  incandescent  lamp. 

In  the  early  eighties,  work  of  the  utmost  value  was  done 
by  Ferranti  and  others  on  the  details  of  alternating-current 
transmission. 

It  is  unnecessary  for  me  here  to  dwell  upon  the  abundant 
evidence  in  support  of  this.  It  is  registered  for  the  most 
part  in  the  Journal  of  the  Institution,  and  much  of  it  is 
recorded  in  the  work  of  others  on  every  continent. 

What  is  the  reason,  then,  that  our  electrical  industry  is 
behind  that  of  nearly  every  important  country  in  the  world  ? 

It  is  due  in  the  first  place  to  silly  legislation  by  Parlia- 
ment and  to  obstruction  by  the  numerous  local  authorities 
entrusted  with  arbitrary  powers.  In  the  second  place  it  is 
due  to  a  class  of  quasi-officials  and  their  associates  to  whose 
direct  monetary  advantage  it  is  that  an  opposition  should 
be  entered  to  every  project  in  which  they  are  not  em- 
ployed. 

There  may  be  contributory  causes,  but  to  these,  and 
others  that  flow  from  them,  our  chief  difficulties  may  be 
assigned. 

Ere  this  Institution  was  founded  an  obstacle  had 
been  prepared  for  us.  In  1870  was  passed  the  Tramways 
Act  to  which  I  have  referred,  and  these  are  some  of  its 
leading  provisions.  A  tramway  cannot  i3e  authorised  by 
Provisional  Order  without  the  consent  of  the  local  authority 
of  the  district.  If  the  proposed  tramway  is  to  run  through 
two  or  more  districts,  and  consents  have  been  obtained  in 
respect  of  two-thirds  of  the  length,  the  Board  of  Trade  may 
upon  inquiry  dispense  with  consents  for  the  remainder. 

When  the  procedure  is  by  Provisional  Order,  the  con- 
struction of  the  Hne  can  be  absolutely  blocked  by  notice 
given  in  the  prescribed  manner  by  one-third  of  the  owners, 
or  of  the  occupiers,  of  the  premises  abutting  upon  the 
road  where  for  so  short  a  distance  as  30  feet  or  upwards 
there  would  be  less  than  9  ft.  6  in.  between  the  outside 
of  the  footpath  on  either  side  of  the  road  and  the  nearest 
rail  of  the  tramway. 

The  most  onerous  condition  is  provided  in  the  notorious 
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section  43  by  virtue  of  which  the  local  authority  can 
purchase  a  tramway  at  the  expiration  of  twenty-one  years 
from  the  date  of  the  Order,  or  of  any  subsequent  period  of 
seven  years,  on  the  terms  of  paying  the  then  value  of  the 
tramway,  exclusive  of  any  allowance  for  past  or  future  profits 
of  the  undertaking,  or  any  compensation  for  compulsory 
sale,  or  other  consideration  whatsoever. 

We  shall  agree  with  Mr.  Granville  C.  Cunningham, 
general  manager  of  the  Central  London  Railway,  that 
'*  there  is  perhaps  nothing  that  has  done  so  much  to  prevent 
the  relief  of  overcrowding  and  congestion  as  the  Tramways 
Act  of  1870.  Its  provisions  in  rigidly  limiting  the  term  of 
the  concession  to  twenty-one  years,  and  practically  fixing 
the  price  at  which  the  Municipality  may  take  over  the 
undertaking  at  something  far  below  its  value,  have 
effectually  checked  the  growth  of  electric  systems." 

If  procedure  by  Special  Act  is  resorted  to,  the  Standing 
Orders  of  the  two  Houses  require  in  like  manner  the 
consent  of  the  local  authority,  so  that  the  undertaking  is  not 
furthered  in  that  respect  and  is  equally  liable  to  be  bled 
for  the  purpose.  The  frontagers  are  given  a  locus  to  oppose, 
so  that  a  small  number  of  them  are  not  so  well  able, 
through  caprice  or  other  motive,  to  prevent  the  construc- 
tion of  an  important  line;  but  the  expense  and  risk  of 
procedure  by  Special  Act  have  been  sufficiently  serious 
deterrents. 

I  think  the  nett  results  will  justify  us  in  agreeing  with 
Mr.  Balfour  Brown  that  this  same  Tramways  Act  was  *'a 
very  silly  contrivance  indeed." 

Consider  the  waste  of  energy  and  of  enterprise  in  battling 
against  such  conditions,  and  whether  it  is  any  wonder  our 
countrymen  have  to  complain  that  we  are  lamentably  behind 
the  rest  of  the  world  in  the  cheap  and  rapid  transport 
facilities  afforded  by  electric  traction. 

We  have '  pleaded  that  there  is  no  country  in  the  world 
which  would  benefit  more  than  our  own  by  the  provision  of 
comprehensive  electric  tramway  systems,  or  that  stands 
more  in  need  of  them  to  relieve  overcrowding,  yet  their 
introduction  has  been  slow  and  halting,  and  carried  out  in 
the  face  of  bitter  opposition.     Instead  of  lending  a  helping 

'  Sec  particularly  paper  by  Mr.  Granville  C.  Cunningham,  in  the  Trarmrux 
nml  RailuKiy  I-Tor/r/,  December,  1889. 
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hand,  governing  bodies  seem  to  have  thought  they  were 
doing  the  public  a  service  by  narrowing  enterprise  down 
to  the  scantiest  possible  outlets,  and  in  some  cases  by 
establishing  an  effective  blockade  against  it. 

Twenty-six  years  elapsed — near  upon  a  generation — 
and  it  was  not  until  1895  that  the  repose  of  the  Board  of 
Trade  was  disturbed — a  body  curiously  constituted  and  still 
more  curiously  named — and  it  was  found  that  something 
really  must  be  done.  A  Commission  was  then  appointed  to 
consider  the  question  of  Tramways  and  Light  Railways,  and 
as  a  result  of  their  report  the  Light  Railways  Act  was  passed 
in  1896,  only  four  years  ago.  But  this  was  only  a  tentative 
provision,  it  expires  this  year,  and  unless  some  measure  of 
enfranchisement  is  passed,  we  shall  be  thrown  back  upon 
the  Act  of  1870,  which  remains  effective  upon  the  Statute 
Book. 

The  other  great  department  of  our  domain,  the  general 
supply  of  electrical  energy  for  industrial  and  domestic 
purposes,  is  even  yet  almost  entirely  governed  by  the  Act  of 
1882,  which  was  passed  at  a  time  when  "the  state  of  the 
art "  was  such  that  electrical  energy  could  only  be  supplied 
economically  for  a  distance  of  a  mile  to  a  mile  and  a  half 
from  the  generating  station. 

In  effect  the  legislation  was  made  to  match  the  fact  that 
at  least  one  separate  station  was  then  required  for  each  town, 
and  the  Town  Council  was  constituted  the  authority  which 
could  either  undertake  the  work  itself,  or  consent  to  the 
acquirement  of  the  necessary  powers  by  a  company. 

In  either  case  the  Act  contemplated  the  local  authority 
being  the  ultimate  owner  of  the  local  undertaking.  The 
clauses  as  to  consent,  the  period  and  the  terms  of  purchasci 
were  inspired  by  the  spirit  of  the  Tramways  Act  of  1870, 
and  the  effect  upon  electrical  engineering  as  a  national 
industry  has  been  equally  disastrous.  The  result  was  a 
fiasco.  What  did  Parliament  then  do  ?  Nothing  until 
1888,  when  it  climbed  down  in  a  half-hearted  way — 
analogous  to  its  performance  in  connection  with  the  Light 
Railways  Act — and  passed  another  measure  extending  the 
purchase  period  from  twenty-one  to  forty-two  years,  but 
leaving  the  onerous  consent  clause  and  the  ridiculous 
terms  of  purchase  as  they  were. 

Until  after  the  Act  of   i888  we  could  do  practically 
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nothing    in    the    way    of    establishing    electrical     supply 
undertakings. 

Circumstances  were  more  favourable  in  America  and 
Germany  during  those  six  valuable  years,  and,  encouraged  by 
the  home  demand,  which  is  an  essential  condition  of  enter- 
prise abroad,  the  manufacturing  trades  of  those  countries 
laid  the  foundations  of  their  great  export  business  in  elec- 
trical plant  and  accessories,  the  consequences  of  which  we 
are  feeling  to-day. 

America  and  Germany  now  hold  the  great  bulk  of  the 
export  trade  of  this  character,  not  only  to  the  countries  of 
Europe,  and  to  South  America  where  this  country  has  heavy 
financial  interests,  but  also  to  our  own  Colonies  and  the 
United  Kingdom  itself. 

You  will  remember  that  the  whole  of  the  steam  engines, 
dynamos,  electric  lifts,  etc.,  for  the  Central  London  Railway, 
were  supplied  from  America,  and  many  other  examples  will 
occur  to  you. 

As  I  have  said,  the  legislation  was  in  effect  made  to 
match  the  fact  that  in  1882  it  was  necessary  to  put  down  at 
least  one  generating  station  for  each  town,  and  the  concep- 
tion of  the  situation  by  many  local  authorities  is  shown 
by  their  persistent  endeavours  to  wall  themselves  in,  so  to 
speak,  against  the  improvements  by  means  of  which  the 
area  of  economic  supply  has  vastly  outgrown  such  limits. 

The  Acts  of  1882-88  and  their  administration  have 
proved  entirely  congenial  to  the  narrow  exclusiveness  of 
these  bodies,  who  are  endeavouring  even  now  in 
their  opposition  to  the  Power  Bills,  to  insure  themselves 
against  the  developments  of  science  and  a  cheap  supply 
rather  than  impair  the  prospect  of  their  being  able  to 
have  an  isolated  municipal  plant  all  to  themselves  some 
day  or  other. 

The  statistics  available  afford  us  the  following  figures  : — 


Electricity  Works  in 
operation. 


Undertakings  for  which 
Orders  have  been  ob- 
tained, but  Works  not 
yet  carried  out. 


Local  r«rr.ri-.r.».  Local 

Authority.      Company.     Authority, 


Company.  ■ 
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Of  the  fifty-five  undertakings  which  have  not  yet  been 
carried  out  by  companies,  only  three  of  the  Provisional 
Orders  (not  taken  by  transfer  from  the  local  authority)  are 
two  years  old  yet,  and  thirty-two  of  the  remainder  only  date 
from  last  session.  Many  of  the  works  are  now  in  course  of 
construction,  and  very  few  are  being  hung  up  in  any  way 
that  I  am  aware  of. 

Of  the  212  Orders  not  yet  carried  out  by  local  authori- 
ties, the  works  in  eighty-nine  cases  are,  I  believe,  in  course 
of  construction  or  have  been  more  or  less  decided  upon, 
leaving  a  balance  undecided  of  no  less  than  123. 

Under  a  Provisional  Order,  the  time  within  which  a 
supply  should  be  available  is  two  years  from  the  date  of  the 
Order,  but  of  the  212  towns  referred  to  a  large  proportion 
have  exceeded  that  period,  some  of  the  dates  tailing  back 
so  far  as  1891,  1892,  and  1893. 

The  figures  do  not  really  show  the  full  extent  to  which 
business  is  retarded,  because  no  one  has  tabulated  the  local 
authorities  who  not  only  have  not  applied  for  a  Provisional 
Order,  but  of  whom  it  is  known  that  they  would  have 
blocked  any  application  ;  but  the  state  of  affairs  is  suffi- 
ciently shown  by  the  fact  that  throughout  the  whole  of  the 
United  Kingdom  electricity  supply  under  the  Acts  is  only 
available  to  the  public  in  some  250  districts. 

Now  we  know  that  the  consumer  can  procure  his  elec- 
trical energy  on  a  more  favourable  basis  for  all  concerned 
from  an  undertaking  dealing  with  a  comprehensive  area  and 
varied  classes  of  demand,  than  he  can  get  it  from  a  rela- 
tively small  local  station.  This  being  the  case,  it  may  be 
supposed  that  it  could  only  be  a  question  of  time  when  the 
obstacles^  obstinate  though  they  have  been,  to  the  cheap 
supply  and  to  a  large  extension  of  the  industry  must  give 
way  somewhere. 

The  first  break  in  the  clouds  was  observed  in  1898,  when 
a  Joint  Select  Committee  of  the  two  Houses  was  appointed 
(at  the  instance  of  the  Lords)  to  consider  and  report  upon 
a  reference  in  regard  to  ''  Electrical  Energy — Generating 
Stations  and  Supply." 

Time  does  not  serve  to  detail  the  circumstances  which 
led  up  to  the  appointment  of  this  Committee,  to  describe 
the  Bills  then  pending  in  Parliament  in  which  it  was  pro- 
posed to  give  effect  to  the  developments  of  electrical  science, 
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nor  can  I  read  you  the  full  terms  of  the  reference  or  of  the 
report,'  but  I  extract  the  following  paragraphs  from  the 
latter  :~ 

"Where  sufficient  public  advantage  is  shown,  powers 
may  be  given  for  the  supply  of  electrical  energy 
over  an  area  including  districts  of  numerous  local 
authorities,  and  involving  plant  of  exceptional 
dimensions  and  high  voltage.  The  Committee 
further  think  that  undertakings  of  this  character 
may  properly  be  authorised  on  conditions  differing 
in  some  respects  from  those  imposed  by  and  under 
the  existing  Acts. 

"The  Committee  consider  that  the  provisions  of  the 
Electric  Lighting  Act,  i888,  which  require  the 
consent  of  the  local  authority  as  a  condition 
precedent  to  the  granting  of  a  Provisional  Order, 
should  be  amended.  In  their  opinion  the  local 
authority  should  be  entitled  to  be  heard  before  the 
Board  of  Trade,  but  should  not  have,  so  to  speak, 
a  provisional  veto,  only  to  be  dispensed  with  in 
special  cases  by  the  Board  of  Trade." 

It  was  the  feeling  of  electrical  engineers  that  the  report 
was  too  moderate  considering  the  attitude  maintained  by 
the  local  authorities  and  their  notorious  misuse  of  the 
powers  conferred  upon  them  by  the  Acts,  but  this  feeling  is 
turning  to  one  of  dismay  at  finding  that  during  the  two  or 
three  years  which  have  ensued  nothing  whatever  has  been 
done  to  carry  out  the  recommendation  last  mentioned — 
which  is  a  full  justification  of  much  that  1  have  urged — 
and  that  their  exertions  continue  to  be  very  largely  wasted. 

It  might  be  gathered  from  the  continued  lamentations 
of  the  press  that  the  electrical  engineers  of  this  country  were 
likely  to  be  put  upon  their  defence,  and  this  might  indeed 
be  a  consistent  involution  of  the  legislation  which  has 
already  tried  us  very  severely  in  another  sense,  but  it  cannot 

V  *  In  the  House  of  Commons,  July,  1898,  Mr.  Ritchie,  replying  to  Mr.  KiinbcT, 
said  that  the  report  of  the  Joint  Committee  would  be  carefully  considered  bv 
the  Board  of  Trade,  but  legislation  would  be  required  to  give  effect  to  sonx 
of  the  Committee's  recommendations,  and  he  was  afraid  that  the  prospect » " 
passing  a  Bill  through  that  session  was  very  small.  The  prospect  must  hjvi 
been  small  indeed,  for  the  process  of  official  consideration  has  extended  c- ' 
only  over  1898,  but  also  beyond  1899  and  1900. 


1901.]  BEFORE   AND   AFTER.  485 

be  said  that  we  have  been  slow  to  act  upon  any  measure 
of  encouragement  available  to  us.  This  was  true  of  the 
Act  of  1888,  so  far  as  its  provisions  would  allow,  and  there 
has  been  absolutely  no  hesitation  or  delay  in  turning  to 
practical  account  the  paragraph  in  the  report  from  which  I 
have  just  read,  with  reference  to  the  supply  of  electrical 
energy  over  extensive  areas,  by  means  of  plant  of  excep- 
tional dimensions  and  high  voltage.  I  have  referred  to  the 
Bills  pending  in  Parliament  at  the  time  of  the  report,  and 
we  must  acknowledge  the  valuable  pioneer  work  of  some 
of  our  members  in  connection  with  them. 

The  Bill  which  affected  .our   prospects  most  strongly, 

although  it   did   not  pass,  was   promoted  by  the   General 

Power  Distributing  Company  in  1898-99,  and  was  familiarly 

known  as  the  Warsop  scheme,  the  project  being  to  distribute 

electrical  energy  over  an  area  comprised  within  a  radius  of 

26  miles  from  Warsop  in  Nottinghamshire.     This  district 

includes  such   populous  centres  as   Sheffield,  Rotherham, 

Nottingham,  Lincoln,  Doncaster,  Derby,  and  Chesterfield. 

The  powers  sought  were  to  lay  trunk  mains  throughout  the 

area,  to  give  a  supply  of  electrical  energy  except  where  the 

local   authority   was  itself  empowered  to  supply  under  an 

order  or  Act  and  agreed  to  take  a  supply  in  bulk  from  the 

Company  on  arbitration  terms.  To  supply  direct  in  all  cases 

to  consumers  taking  10,000  units  per  annum  and  upwards. 

The  conditions  in  regard  to  district,  etc.,  were  favourable, 

and  large  quantities  of  coal  slack  were  available  at  2s.  per 

ton  in  the  neighbourhood  of  the  proposed  power-station. 

The  Bill,  as  we  know,  did  not  then  pass,  but  the  powers 

which  it  sought  to  obtain,  have  a  considerable  interest  from 

the  point  of  view  of  to-day,  as  in  varying  degrees  they  are 

reflected  in  the  four  Power  Bills  which  were  passed  last 

session. 

Before  summarising  the  considerations  relating  to  the 
supply  of  electrical  energy  over  extensive  areas,  it  will  be 
convenient  to  follow  the  course  of  events.  Public  opinion 
became  gradually  informed  on  the  subject,  and  it  is  to  be 
hoped  a  little  moved  at  the  sense  of  national  backwardness, 
and  in  the  session  of  1900  four  Electric  Power  Bills,  each 
for  supply  over  important  English  areas,  passed  through 
Parliament.    These  were  : — 
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The  County  of  Durham  Electric  Power  Supply.— 
This  area,  about  250  square  miles  in  extent,  comprises  the 
main  portion  of  the  Durham  coal-fields  and  one  of  the 
leading  manufacturing  and  shipbuilding  districts  of  the 
north-east  coast.  Provisional  Orders  had  been  obtained 
authorising  the  retail  supply  to  consumers  in  the  chief 
towns,  viz.,  Gateshead,  Jarrow,  and  Durham  City.  The 
British  Electric  Traction  Company  had  undertaken  an 
extensive  system  of  electric  tramways  in  Gateshead  and 
district,  and  have  since  obtained  powers  for  lines  in  the 
Jarrow  and  Durham  City  districts.  The  Power  Act 
authorises  the  laying  of  trunk  mains  throughout  the  area, 
and  the  supply  of  electrical  energy  in  bulk  to  undertakers 
authorised  to  supply,  and  also  to  undertakers  authorised 
to  use  it  for  prescribed  purposes. 

Thus  the  supply  may  be  given  at  once  for  general  use 
in  Gateshead,  Jarrow,  and  Durham  City,  and  for  electric 
tramways  and  light  railways  in  Gateshead,  Jarrow,  and 
other  parts  of  the  county. 

The  first  portion  of  the  main  power-station  on  the  river 
Tyne  at  Gateshead  is  rapidly  approaching  completion,  and 
will  be  available  this  spring  for  a  comprehensive  system  of 
supply  which  is  being  prepared  in  readiness  for  it. 

The  North  Metropolitan  Electric  Power  Supply. 
— This  area,  about  325  square  miles,  includes  the  great 
suburbs  to  the  north  of  London,  from  Tottenham  on  the 
east  to  Harrow  on  the  west,  and  the  growing  manufacturing 
districts  along  the  river  Lea.  It  covers  the  area  within 
which  the  extensive  North  Metropolitan  electric  light  rail- 
way has  been  carried  through  by  interests  friendly  to  those 
of  the  Act.  The  provisions  and  general  considerations  are 
the  same  as  in  the  County  of  Durham  Bill,  and  the  same 
general  policy  was  followed. 

The  Lancashire  Electric  Power. — This  Act  takes 
in  the  whole  of  Lancashire  south  of  the  river  Ribble 
(except  Manchester,  Salford,  Bootle,  and  Stockport),  an 
area  of  about  1,000  square  miles.  The  district  may  appear 
somewhat  large,  but  a  great  part  of  it  is  undoubtedly  very 
suitable,  since  it  comprises  a  large  number  of  collieries 
engineering  works,  cotton  mills,  and  a  variety  of  other 
industries.  The  Act  contains  powers  to  lay  trunk  mains 
hroughout  the  area,  and  to   furnish   electrical   energy  in 
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bulk  to  undertakers  authorised  to  supply,  the  promoters 
having  relied  upon  the  cheapness  of  production  at  large 
generating  stations  as  sufficient  to  secure  holders  of  Electric 
Lighting  Provisional  Orders  as  customers  for  bulk  supply. 

The  South  Wales  Electric  Power  Distribution. — 
This  includes  the  whole  of  the  County  of  Glamorgan  and 
extends  into  Monmouth  as  far  as  the  river  Usk  (also  includ- 
ing Newport),  an  area  of  about  1,050  square  miles.  The 
principal  towns  are  Cardiff,  Swansea,  Newport,  Barry, 
Merthyr,  Pontypridd,  and  Neath,  and  the  district  thus 
comprises  the  great  colliery,  shipping,  and  manufacturing 
districts  of  South  Wales.  The  provisions  of  this  Act  are 
similar  to  those  of  the  Lancashire  Act,  with  one  important 
difference.  The  South  Wales  Company  were  given  powers 
to  supply  direct  to  any  person  for  power  purposes,  and  for 
lighting  any  premises  on  some  part  of  which  the  power  is 
utilised,  provided  only  that  in  a  local  area  where  an  Electric 
Lighting  Provisional  Order  exists,  the  consent  of  the 
authorised  distributor  in  such  area  is  first  obtained.  If 
such  consent  is  withheld  the  Board  of  Trade  may  dispense 
with  it,  if  in  the  opinion  of  that  body  the  authorised 
distributor  under  the  Provisional  Order  is  not  willing 
and  in  a  position  to  give  the  requisite  supply  to  the 
power-user  upon  reasonable  terms  and  within  a  reasonable 
time. 

All  these  Acts  contain  a  sliding-scale  clause  as  regards 
prices  and  dividends,  also  powers  for  the  revision  of  the 
scale  every  ten  years  by  the  Board  of  Trade,  8  per  cent, 
being  taken  as  the  normal  maximum  dividend.  The  general 
clauses  follow  pretty  closely  the  usual  electric  supply 
practice;  for  details  reference  should  be  made  to  the  Acts 
themselves. 

There  are  a  few  examples  of  groups  of  Provisional 
Orders  having  been  obtained  for  adjoining  districts  by 
arduous  negociations  extending  over  several  sessions. 
These  undertakings  typify  many  of  the  difficulties  with 
which  electrical  engineers  have  had  to  contend,  but  they 
are  not  more  fully  referred  to  here  as  the  form  of 
procedure  was  not  by  Power  Bill.  There  is,  however, 
an  important  Northumbrian  undertaking  dealing  with 
the  north  bank  of  the  Tyne  from  Newcastle  to  North 
Shields  (excluding  the  latter)  with  part  of  the  hinterland 
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which  belongs  to  both  classes  and  should  not  be  omitted 
from  the  list,  especially  as  it  has  been  one  of  the  first 
to  get  to  work. 

The  main  purpose  of  the  Power  Acts  is  to  keep  the 
number  of  power-stations  within  economical  limits,  and 
by  the  selection  of  suitable  sites  and  the  equipment  of 
works  of  considerable  magnitude  to  enable  electrical 
energy  to  be  transmitted  in  such  a  manner  that  the  retail 
price  to  the  consumer  will  be  reduced  to  a  figure  which 
will  compare  with,  and  in  many  cases  be  far  lower  than, 
that  of  any  other  form  of  power,  whether  gas,  steam,  oil, 
or  other  agent. 

The  enormous  development  of  electricity  in  the  United 
States  and  Canada  and  on  the  Continent  of  Europe,  and 
the  numerous  great  electrical  power  distributions  over  large 
areas,  in  those  countries  are  in  themselves  practical  evidence 
in  favour  of  the  principles  we  are  advocating.  It  cannot 
be  urged  that  the  requirements  of  this  country,  so  far  as 
trade  and  cheap  production  are  concerned,  are  different 
to  those  obtaining  in  the  countries  mentioned. 

The  absence  of  undertakings  of  the  kind  in  the  United 
Kingdom  has  not  been  on  account  of  any  difficulty  or  im- 
possibility on  the  engineering  side,  or  from  lack  of  suitable 
conditions.  We  have  few  large  water  powers  it  is  true,  but 
there  is  an  equally  good  source  of  power  available,  and  coal 
in  this  country  can  replace,  on  favourable  terms,  the  water 
power  available  elsewhere  for  the  generation  of  electrical 
energy.  Moreover,  even  in  those  parts  of  the  country 
where  coal  is  more  expensive  than  in  the  coal  districts 
themselves,  relatively  cheap  electricity  may  be  available  if 
it  is  generated  in  sufficient  quantity  at  large  power-stations, 
and  the  supply  from  such  stations  is  distributed  over  a 
suitable  area.  Capital  charges,  management,  rent,  rates, 
and  taxes  usually  form  a  larger  proportion  of  power-station 
costs  than  fuel,  but  the  greater  the  importance  we  have  to 
attach  to  the  fuel  item,  the  more  necessary  it  is  to  adopt 
the  most  comprehensive  methods  and  to  concentrate  and 
economise  its  use. 

Under  the  Electric  Lighting  Acts,  and  the  conditions 
heretofore  existing,  the  scarcity  of  the  electricity  supply  in 
this  country  has  been  due  to  the  high  cost  of  production. 
Even  in  the  more  developed  areas  the  cost  has  been  too 
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high  as  a  general  rule  to  admit  of  its  being  freely  used 
by  the  consumer  on  terms  more  advantageous  than  those 
upon  which  he  can  employ  steam  or  gas  for  industrial 
purposes,  or  gas  or  oil  for  domestic  service. 

Statistics  have  shown  us  that  the  average  cost  of  produc- 
tion and  supply  to  consumers  becomes  lower  as  the  output 
of  the  power-station  increases,  but  the  difference  between 
stations  supplying  one  million  and  four  million  units  per 
annum  is  less,  and  not  in  proportion  to  that  obtaining 
between  smaller  stations  with  much  less  difference  of  out- 
put. Without  an  increasing  "diversity  factor"  this  difference 
wouJd  tend  to  disappear  as  stations  increased  in  size. 

A  good  "  diversity  factor  "  can  only  be  achieved  by  com- 
bining with  electric  lighting  the  supply  of  energy  for  as 
many  and  as  various  other  purposes  as  possible,  and,  so  far 
as  lighting  is  concerned,  the  supply  to  every  class  of 
consumer.  As  the  area  of  supply  is  extended,  the  "diversity 
factor"  tends  to  improve  owing  to  the  difference  in  the 
incidence  of  the  demand  in  different  districts. 

I  shall  not  attempt  to  follow  the  more  technical  aspects 
of  the  subject  just  now,  as  they  afford  scope  for  many 
papers,  and  certainly  for  more  discussion  than  you  can  give 
to  them  this  evening  ;  but  it  may  be  well  to  summarise  the 
points  for  and  against  the  old  system  and  the  new,  i.e.,  the 
supply  from  small  local  stations  and  the  supply  from  main 
power-stations  : — 
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The  story  of  George  Stephenson  and  the  cow  on  the 
line  has  come  down  to  us  as  typical  of  the  prejudice  and 
the  ignorance  with  which '  railways  had  to  contend  in  their 
early  days  ;  and  so,  too,  when  the  early  history  of  the  elec- 
trical industry  comes  to  be  written,  the  part  played  by  the 
local  authorities  in  their  strenuous  opposition  to  the  Power 
Bills  will  be  a  record  of  reproach  to  them. 

For  the  purposes  of  this  opposition  there  was  a  con- 
ference of  local  authorities  in  Manchester  in  January,  and  a 
meeting  of  the  Association  of  Municipal  Corporations  in 
May.  The  object  of  the  first  meeting  was. to  prevent  the 
second  reading,  and  that  of  the  second  to  influence  the 
decision  of  the  Parliamentary  Committee. 

The  methods  adopted  by  those  who  endeavoured 
to  wreck  the  Power  Bills  were  strongly  condemned  in 
the  course  of  the  second  readings  debate,  and  the  Presi- 
dent of  the  Board  of  Trade  found  it  necessary  to  repudiate 
a  garbled  report  which  had  been  circulated  as  to  his  remarks 
upon  the  Bill  for  the  Warsop  project  in  the  previous 
session. 

Every  one  interested  in  the  welfare  of  the  industry 
should  read  and  think  over  that  debate.  True,  the  Bills 
were  read  a  second  time  and  committed,  but  what  a  curious 
light  is  thrown  by  the  discussion  upon  the  difficulties  with 
which  we  have  to  contend  ! 

Perhaps  there  is  time  to  mention  two  examples.  Mr. 
Ritchie  said,  "...  I  hope  the  House  will  give  its  attention 
to  the  very  important  considerations  in  this  case  before  they 
decide  to  reject  on  Second  Reading  a  Bill  that  is  fraught 
with  so  many  possibilities.  It  is  true,  I  think,  that  the 
electrical  enterprise  of  this  country  is  in  an  exceedingly 
backward  condition  ;  it  is  inferior  with  regard  to  light,  and 
certainly  with  regard  to  the  conveyance  of  power,  to  many 
European  countries,  and  it  is  greatly  inferior  to  North 
America  and  Canada.     It  may  almost  be  said  that  there  are 


*  In  1801  we  had  no  railways  in  the  serine  we  now  use  the  term.  To-day 
the  railways  of  the  United  Kingdom  extend  to  about  22,000  miles  of  line,  con- 
structed at  a  cost  of  about  1,300  millions  of  pounds.  The  annual  gross 
receipts  now  exceed  100  millions,  and  of  the  expenditure,  which  amounts  to 
over  60  millions,  fully  one-half  is  distributed  in  wages  to  over  half  a  million 
employes. 

»  See  Parltattufitary  Debates,  ^0.2,  vol.  79  (page  1,374  and  following), 
published  by  Wyman  and  Sons,  Limited,  Fetter  Lane.    Price,  is.  3d. 
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villages  -  in  North  America  which  are  in  possession  of 
advantages  in  connection  with  electricity  which  some  of 
our  largest  towns  do  not  possess.  It  cannot  be  doubted 
that  there  is  a  great  demand  for  something  to  be  done.  At 
present  electric  light  matters  are  governed  largely  by  the 
legislation  of  1882,  and  it  has  been  said  that  this  Bill  is 
largely  in  opposition  to  many  of  the  enactments  in  the  Act 
of  1882.  If  no  other  charge  or  argument  could  be  brought 
against  this  proposal,  the  argument  of  the  opponents 
to  this  Bill  would  indeed  be  weak.  It  must  be  remembered 
that  it  was  the  Act  of  1882  which  more  than  anything  else 
had  delayed  and  hampered  the  development  of  electrical 
supply,  and  in  so  far  as  this  Bill  departs  from  that  Act,  I 
think  its  departure  is  amply  justified  by  the  condition  of 
things  at  present  existing  in  the  electrical  world." 

Here  we  have  a  member  of  one  of  the  strongest  Govern- 
ments of  modern  times,  the  Minister  entrusted  with 
legislation  affecting  the  trades  of  the  country,  who  has 
realised  the  extent  and  cause  of  our  backward  condition  in 
relation  to  a  great  industry,  and  ingenuously  confessing 
that  during  five  long  years  of  office  one  of  the  main  causes 
of  the  trouble  has  remained  effective  upon  the  Statute  Book. 

Sir  William  Harcourt  said,  "...  I  do  not  altogether 
share  my  hon.  ^  friend's  objections  to  great  enterprises  being 
carried  on  through  private  sources.  That  was  a  question 
which  occupied  fifty  or  sixty  years  ago  the  attention  of  this 
country,  and  that  was  at  the  time  of  the  commencement 
of  the  great  railway  interest.  That  question  was  decided  by 
the  wisdom  of  the  great  statesman  Sir  Robert  Peel.  We 
know  that  Sir  Robert  Peel  was  much  attacked  at  that  time 
for  throwing  the  railway  enterprise  of  this  country  into 
private  hands,  and  not  adopting  the  system  so  largely 
followed  on  the  Continent.  I  look  forward  to  this  question 
of  electricity  and  electric  supply  as  the  great  question  of  the 
future,  and  it  is  from  that  point  of  view  that  I  wish  to  refer 
to  the  subject.  If  this  company  is  prepared  upon  proper 
conditions  to  supply  electricity  to  any  part  of  the  country,  1 
am  not  opposed  to  that.  No  man  can  say  to-day  what  part 
electricity  may  not  play  in  the  industry  of  the  country,  and 
that  is  a  point  which  the  House  of  Commons  should  keep 

'  Mr.  Broadhurst, 
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in  view.  But  what  are  the  conditions  which  ought  to  be 
imposed  ?  What  was  the  policy  which  was  pursued  with 
regard  to  the  railway  companies  ?  Parliament  did  not 
leave  it  altogether  to  particular  promoters  of  Bills ;  Parlia- 
ment did  not  leave  it  to  the  discretion  of  individual 
committees.  They  placed  the  whole  of  that  great  enterprise, 
upon  which  more  than  a  thousand  millions  of  private 
money  has  been  expended,  greatly  to  the  benefit  of  the 
country — a  sum  larger  than  the  National  Debt,  and  now 
paying  interest  at  least  of  4  per  cent.,  and  one  of  the 
greatest  investments  for  the  savings  of  the  country — under 
general  legislation.  I  think  that  a  model  which  we  ought 
to  follow  in  this  instance.  But  what  was  the  method  which 
Parliament  in  those  days  adopted  in  dealing  with  the  rail- 
ways ?  They  did  not  allow  particular  promoters  to  take 
their  chance  in  individual  committees.  They  placed  the 
whole  of  that  great  enterprise,  as  I  have  said,  under  general 
legislation.  .  .  ." 

This  statement  of  Sir  William  Harcourt  goes  to  justify 
the  charge  that  the  Legislature  has  neglected  an  industry 
the  importance  of  which  he  describes  in  suitable  terms, 
and  it  also  leads  us  to  the  economic  aspect  of  the  question. 
Comparisons  have  been  drawn  between  the  benefits  first 
derived  by  every  class  of  our  community  from  the  applica- 
tions of  steam  power  and  of  railways,  and  those  which  have 
accrued  to  other  nations  in  larger  measure  than  to  ourselves 
from  the  uses  of  electrical  energy.  The  United  Kingdom 
itself  has  not  yet  lost  any  material  part  of  its  natural 
advantages  for  the  manufacture  of  engineering  material,  or 
of  scope  for  their  employment.  In  what  way  has  destructive 
legislation  acted  so  as  to  place  us  in  the  position  of  in- 
feriority we  are  reproached  with  to-day  ? 

It  has,  among  other  things,  tended  to  destroy  cumulative 
investment  effect.  Savings  out  of  the  profits  of  a  business 
tend  to  go  back,  as  an  additional  investment  into  that 
business  or  some  department  of  trade  allied  with  it.  Part  of 
the  profits  derived  from  railway  enterprise  undoubtedly 
went  in  again,  and  attracting  new  capital  to  it,  provided 
means  for  building  new  lines  and  for  equipping  rolling 
mills,  foundries,  engine  works,  and  other  undertakings 
which  have  provided  employment  for  thousands  of  our 
fellow-countrymen.      No    influence    has    done    so    much 
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during  the  past  hundred  years  to  stimulate  enterprise,  to 
encourage  commerce,  and  to  develop  the  resources  of  any 
country. 

In  our  own  time  legislation  has  not  only  deprived 
the  great  mass  of  the  people  of  the  direct  benefits  of 
electrical  science,  but  it  has  made  much  of  what  little  has 
been  done  indistinguishable  to  the  investor  from  local 
government  loans  for  drainage,  refuse  destructors,  slaughter- 
houses, and  other  purposes  most  necessary  in  themselves, 
but  somewhat  in  the  back-yard  of  civilisation. 

It  may  be  replied  that  Sunderland,  for  instance,  has 
just  declared  a  profit  out  of  its  municipal  tramways,  but 
what  advantage  has  this  been  to  any  one  ?  The  fares  have 
been  substantially  the  same  as  would  have  been  charged 
by  private  enterprise  or  the  amount  would  not  have  been 
earned.  The  local  rates  we  may  be  sure  will  not  go  down, 
and  if  they  are  a  trifle  lower  than  they  otherwise  would 
have  been,  those  to  benefit  most  will  be  the  railway  com- 
pany and  other  large  ratepayers  who  have  contributed  least 
to  the  tramway  revenue. 

The  banks,  insurance  companies,  and  such  institutions 
which  provide  much  of  the  local  government  loan  capital 
will  get  their  3J  per  cent,  and  part  of  it  may  be  re-invested 
in  colourless  loans  elsewhere,  but  of  that  great  encouraging 
influence  towards  the  growth  of  healthy  industry  which  1 
have  imperfectly  described  as  the  cumulative  investment 
etlect,  there  will  be  little  or  nothing. 

And  the  money  for  the  purpose  has  been  deflected 
elsewhere.  The  subject  is  a  complicated  one,  and  it  may 
not  be  in  place  to  follow  it  here,  but  it  is  a  significant 
fact  that  exclusive  of  foreign  loans  the  yearly  increase  of 
capital  from  this  country  invested  abroad  averages  at  present 
about  ;^30,ooo,ooo.  One  tendency  of  this  has  been  to  set 
more  people  to  work  abroad  instead  of  at  home,  and  to 
increase  the  competition  against  home  industries. 

In  the  interests  of  which  class  of  the  community  the 
enactments  1  have  referred  to  were  passed  and  have  been 
administered  by  the  various  authorities,  it  is  difficult  to  say. 
They  have  not .  benefited  the  general  public,  the  complaint 
made  on  their  behalf  is  that  they  are  debarred  fromi  the 
advantages  of  electricity  ;  and  least  of  all  have  they 
benefited  the  working  man,  who  finds  that  while  the  electric 
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light  and  comprehensive  electric  tramways  are  not  for  him, 
hundreds  of  thousands  of  pounds'  worth  of  foreign-made 
plant  and  accessories  are  landed  on  our  shores. 

The  working  classes  have  suffered  in  another  and, 
perhaps,  a  more  serious  way  from  the  division  of  the 
country  under  innumerable  local  authorities  endowed  with 
powers  such  as  I  have  described.  The  more  or  less 
arbitrary  boundaries  of  these  authorities  derive  in  some 
cases  from  the  middle  ages,  they  are  not  and  cannot  be 
adapted  to  one  and  all  the  various  means  by  which  science 
and  enterprise  can  be  brought  to  the  aid  of  the  general 
community,  and  it  can  be  shown  that  in  practice  the  system 
tends  to  aggravate  some  of  the  grievous  social  and  indus- 
trial problems  of  our  own  times. 

These  authorities  number  among  them  men  of  great 
ability  and  benevolence,  but  their  collective  action  is  fre- 
quently controlled  by  traders,  property  owners,  and  others 
who  act  upon  the  view  that  the  best  interests  of  their  several 
districts  lie  in  the  direction  of  increase  of  rateable  value 
and  of  population.  Add  to  this  a  large  official  class  alive 
to  the  advantage  of  increasing  the  importance  of  its  own 
environment,  and  there  need  be  little  wonder  that  each 
district  shows  a  tendency  to  "  cuddle  up  "  all  it  can  attract, 
and  that  there  should  be  grave  reason  for  our  being  urged 
"  to  get  rid  of  that  which  is  really  a  scandal  to  our  civilisa- 
tion, the  suffering  which  many  of  the  working  classes  have 
to  undergo  in  order  to  obtain  even  the  most  moderate,  the 
most  pitiable  accommodation." 

There  may  be  many  fibres  to  the  scandal  of  the  housing 
of  the  poor,  but  the  conditions  most  favourable  to  its  growth 
are  to  be  found  in  our  system  of  local  government  and  its 
administration. 

The  future  of  the  electrical  profession  is  so  interwoven 
with  social  questions  that  we  cannot  escape  their  considera- 
tion. Mr.  Balfour  has  said,  "  I  believe  that  electrical 
traction  is  going  to  play  a  far  larger  part  in  the  solution  of 
this  difficulty  " — the  housing  of  the  working  classes — "  than 
any  of  the  strange  schemes  I  have  analysed  "  ;  Mr.  Lough 
that  "  It  has  been  agreed  by  everybody  that  the  chief  means 
of  improving  housing  accommodation  is  to  spread  out  the 
city  and  destroy  congestion,  and  it  is  agreed  that  there  is  no 
way  of  doing  this  effectually  except  by  providing  better 
facilities  for  traffic." 
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No  one  can  question  the  advantages  of  improved  traffic 
facilities,  but  if  the  direction  morning  and  evening  is  to  and 
from  a  congested  trade  centre  the  problem  is  only  half 
solved.  It  is  to  electric  power  distribution  on  a  sufficiently 
comprehensive  scale  to  adapt  the  country  districts  to  manu- 
facturing purposes,  in  company  with  inter-urban  connection 
by  means  of  electric  traction,  that  we  must  look  for  the 
greatest  agency  in  ameliorating  the  conditions  of  the  working 
classes  in  all  their  surroundings. 

It  can  scarcely  be  asked  what  has  all  this  to  do  with 
the  Institution  of  Electrical  Engineers,  for  w^e  have  seen 
that  the  community  is  conscious  of  the  backwardness  of 
our  work,  and  faced  by  social  phenomena  such  as  those 
to  which  I  have  referred,  we  are  called  upon  to  perform 
our  part  in  counteracting  them.  Electrical  science  is  ripe 
for  the  occasion,  and  it  therefore  appears  to  be  our  duty 
and  to  our  interest  to  convince  the  Legislature  as  to  the 
means  it  should  take  to  enable  us  to  carry  on  the  services 
assigned  to  us. 

As  some  technical  objection  might  possibly  be  raised 
to  any  action  we  may  take  in  this  direction,  we  shall  find, 
on  consulting  the  Memorandum  and  Articles  of  Association, 
which  describe  the  scope  and  general  organisation  of  the 
Institution,  that  (among  allied  objects)  it  was  established 
"  To  promote  the  general  advancement  of  Electrical  and 
Telegraphic  Science  and  its  applications,  .  .  ."  {Sect,  3  fi), 
and  "  To  do  all  such  other  lawful  things  as  are  incidental 
or  conducive  to  the  attainment  of  the  above  objects  " 
{Sect.  3  D). 

Article  53  says  that  **  It  shall  be  the  duty  of  the  Council 
to  adopt  all  due  means  for  the  advancement  of  the 
Institution  ;  to  provide  for  properly  conducting  its  business 
in  all  cases  of  emergency  .  .  ."  ;  and  a  preceding  Article 
49  provides  that  "...  The  Council  may  appoint  Com- 
mittees chosen  from  their  own  body,  and  Committees  for 
special  purposes  consisting  of  Members  of  Council  and 
Members,  Associate  Members,  or  Associates  of  the  Institution 
and  others,  with  such  poivers  as  the  Council  may  prescribe.*' 

Thus  the  terms  of  our  Constitution  not  only  authorise 
action  being  taken,  but  they  also  appear  to  intimate  the 
course  to  be  followed  in  dealing  with  any  obstacles  with 
which   we   may  have  to   contend,   and    I    trust  that   the 
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discussion  will  give  the  Council  an  indication  as  to  the 
desirability  of  appointing  a  special  committee,  as  provided 
by  Article  49,  to  consider  what  steps  should  be  taken  to 
remove  the  restrictions  upon  us,  some  of  the  effects  of 
which  I  have  endeavoured  to  describe. 

The  President  :  We  have  received  a  telegram  from  Mr.  Garcke,   The 
Mr.  Stephen  Sellon,  and    Mr.    Morse,   stating   that  they  have   been   Pj;«**<*<^n*- 
unavoidably  detained  in  the  country.    The  following  letter  has  been 
received  from  Mr.  Vesey-Knox : — 

Mr.  Vesey-Knox  (communicated) :  I  am  sorry  not  to  be  able  to  avail  ?f •■•  ,  „ 
myself  of  your  kind  invitation  to  hear  Mr.  Madgen's  paper,  which  I 
have  read  with  interest.  If  I  might  venture  on  a  word  of  criticism 
it  would  be  this : — The  question  seems  to  me  to  be  altogether  one  of 
price.  In  the  case  of  tramways  other  considerations  operate  ;  but,  so 
far  as  mere  electrical  supply  is  concerned.  Parliament  has  now  in 
principle  decided  that  any  company  offering  economic  advantages 
shall  be  given  an  opportunity  of  supply,  with  due  regard  for  vested 
interests.  If  the  companies  can,  in  fact,  supply  cheaply,  they  have  now 
a  wide  field  open  to  them.  They  can  practically  force  local  authorities 
whose  Orders  are  hung  up  to  take  current  by  offering  it  at  a  cheap 
price  and  without  capital  expenditure.  The  real  reason  why  many 
people  who  are  not  prejudiced  in  favour  of  socialistic  experiment 
have  supported  municipalisation  of  electric  light  undertakings  is 
that  so  many  of  the  companies  have  charged  such  high  prices  for 
current.  This  has  been  a  short-sighted  policy,  even  from  the  point 
of  view  of  the  particular  companies  themselves,  as,  except  in  districts 
where  people  will  have  the  best  light  at  any  price,  the  cost  of  supplying 
at  a  high  price  is  much  greater  than  that  of  supplying  at  a  low  price. 
With  high  prices  you  may  have  a  big  district  and  big  works  very 
irregularly  employed,  and  the  undertaking  loaded  by  a  cost  in  distri- 
hution  mains  out  of  all  proportion  to  the  number  of  consumers.  But 
even  more  unfortunate  has  been  the  general  effect  upon  private  enter- 
prise, by  depriving  promoters  of  the  really  practical  argument  against 
the  obstruction  of  the  less  enlightened  local  authorities.  It  is  in  some 
ways  a  pity  that  the  sliding  scale  clauses  were  not  applied  to  electric 
lighting  undertakings  instead  of  the  clauses  giving  the  Board  of  Trade 
power  to  alter  the  maximum  price  after  seven  years  (s.  31  of  Electric 
Lighting  (Clauses)  Act  1899).  The  case  of  Cork,  which  was  not  a 
favourable  field,  is  a  remarkable  proof  of  what  low  prices  may  do. 
There  a  supply  at  an  average  price  of  under  3d.  was  profitable  in  the 
first  year.   At  6d.  probably  no  profit  would  have  been  made  for  five  years. 

The  sliding  scale  has  now  been  applied  in  the  case  of  the  Power 
Bills,  and  it  is  to  be  hoped  that  this  will  have  the  natural  commercial 
effect  upon  the  undertakings.  I  do  not  believe  the  public  are  disposed 
to  look  unfavourably  upon  even  '*  monopolies  "  if  they  derive  therefrom, 
in  comparison  with  other  districts,  evident  and  palpable  facilities  ;  and, 
after  all,  it  is  the  public  who,  in^^JgJi^  U-i—^  **«"*ji>i  ^e  local 
authorities. 
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Mr.  ScUon.  Mr.  R.  Percv  Sellon  :  So  much  of  the  time  of  our  Institution  15 

taken  up  in  the  discussion  of  subjects  of  a  purely  scientific  character, 
that  it  is  seldom— and,  for  my  part,  I  think  too  seldom — ^that  we  have 
before  us  a  paper  of  the  kind  which  Mr.  Madgen  has  read,  dealing  with 
Electrical  Engineering  questions  from  their  political  and  indostnal 
aspects.  This  paper  relates  to  principles  rather  than  to  details,  and  it 
goes  down  to  the  very  foundation  of  the  issues  upon  which  the  progress 
or  backwardness  of  electrical  engineering  in  this  country  depends,  and 
upon  which  the  great  majority  of  the  members  of  this  Institution  depend 
for  their  livelihood.  In  my  opinion,  therefore,  the  paper  which  Mr. 
Madgen  has  brought  forward  is  one  of  great  importance ;  and  I  think 
its  interest  falls  under  two  heads,  namely,  the  technical  problem^ 
attaching  to  these  large  power-distribution  schemes,  and  the  considera- 
tion of  the  matter  from  the  coUectivist  or  political  point  of  view. 

With  regard  to  the  intrinsic  merits  of  these  schemes,  Mr.  Madgen 
has  dealt  with  them  at  considerable  length,  and  on  page  490  he  ha^ 
stated  fully,  and,  I  think,  fauly,  the  arguments  for  and  against  such 
power  schemes,  which  depend  uppn  this  root  question  :  Is  it  in  the 
interests  of  the  public  as  a  whole  that  there  should  be  a  few  lar^ 
stations  distributing  over  large  areas,  in  preference  to  a  larger  number 
of  small  stations  distributing  over  smaller  areas  ?  There  are  problems  of 
generation  and  distribution  which  I  do  not  propose  to  deal  with.  I  will 
only  say,  in  general  terms,  that  it  appears  to  me  that  the  spirit  of  the 
time,  which  makes  for  the  consolidation  of  industries  and  trades  in  all 
fields,  points  by  analogy  to  the  economic  merits  of  large  power- 
distributing  schemes  as  compared  with  small  stations  located  in  each 
town.  It  seems  to  me  that  it  is  a  reproach  to  our  Institution  that  \i^ 
should  be  palavering  and  debating  over  the  question  whether  cm-  not 
these  schemes  are  possible,  while  countries  which  were  far  behind  u^ 
in  industrial  progress  half  a  century  ago  have  already  proved  them  to 
be  desirable  by  such  stations  as  those  at  Niagara  and  Messina,  Rhein- 
felden  in  Germany,  and  Chevres  in  Switzerland,  and  Fiume  in  Italy. 
Why  is  it  that  we  are  at  present  in  this  backward  state  ?  I  think  the 
answer  is,  as  Mr.  Madgen  has  pointed  out,  because  the  progress  of  the 
elechical  industry  in  this  country  has  not  been  determined  by  its  merits, 
but  by  political  considerations.  It  is  a  misfortune  for  the  electrical 
industry  that  its  birth  and  its  growth,  up  to  the  present,  have  been 
coincident  with  the  birth  and  growth  of  the  "  municipalising "  idea. 
Hence  it  has  come  about  that  our  industry  has  become  the  plaything 
of  politicians  and  of  those  who  are  anxious  to  municipalise  all  public 
supply  in  the  interests  of  the  democracy.  There  is  no  doubt,  to  my 
mind,  that  that  is  the  real  explanation  of  the  fact  that  in  this  country  wc 
are  quite  without  large  distributing  schemes,  whilst  abroad  they  are 
ah-eady  in  existence.  Note  the  fact  that  this  difficulty  has  arisen  at 
every  stage  of  the  electrical  industry.  In  the  case  of  electric  lighting, 
the  Electric  Lighting  Acts  retarded  growth ;  then  the  Electric  Tram- 
ways Act  of  1870  was  only  with  great  difficulty  amended  by  the  passage 
of  the  Light  Railways  Acts,  which  late  in  time  have  given  Electric 
Tramways  a  possibility  of  existence ;  and  now  these  electric  power 
schemes  have  been  made  the  battle-ground  of   the  two   contending 
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parties— those  in  favour  of  municipalisation  and  those  who  advocate  Mr.  s^Uon. 
leaving  the  development  of  new  industries  in  the  hands  of  private 
enterprise.  It  is  true  that  the  Legislature  has  at  last  made  a  tardy 
recognition  of  its  errors  of  judgment  in  the  past,  and  by  the  passage  of 
these  Bills  has  recognised  that  the  public  interest  does  point  to  infant 
industries  in  their  early  stages  being  placed  in  the  hands  of  private 
efifort  But,  I  would  like  to  point  out  that  help  has  come  almost  too 
late.  Investors,  who,  after  all,  supply  the  sirxews  by  which  these 
schemes  are  rendered  possible,  have  grown  to  look  askance  at  electrical 
enterprise.  Parhament  has  bandied  about  electrical  enterprise,  has 
pursued  such  a  vague  policy,  has  imposed  so  many  regulations  upon 
electrical  schemes,  and  local  authorities  have  been  so  largely  pandered 
to,  that  it  is  very  small  wonder  that  the  investor  can  now  with  the  very 
greatest  .difficulty  be  persuaded  to  believe  that  there  is  for  him  com- 
mercial advantage  in  embarking  upon  electrical  enterprise.  We  often 
hear  it  said  by  poHticians  and  others  that  we  shall  "  muddle  through 
somehow."  Well,  we  may  mismanage  a  war,  we  may  have  mismanaged 
many  questions  in  the  past,  and  the  country  has  "  muddled  through  " 
because  those  wars  and  those  enterprises  were  conducted  under  con- 
ditions where  this  country  had  either  the  superior  power  of  the  purse 
behind  it,  or  armaments,  or  some  factor,  which  enabled  it  in  the  end  to 
overwhelm  its  enemies.  But  in  electrical  enterprise  that  is  not  the  case. 
Our  great  rivals  in  America,  in  Germany,  in  Switzerland,  have  all  the 
advantages — material,  financial,  and  technical — that  we  possess ;  and 
therefore  the  theory  of  leaving  these  things  to  "muddle  themselves 
out,'*  rather  than  handling  them  by  concerted  and  associated  action,  is 
one  that  must  be  dismissed  with  regard  to  the  electrical  industry. 

What  is  the  cure  for  this  state  of  things  ?  The  roots  of  the  trouble 
lie  so  deep  in  political  and  other  considerations  that  we  cannot  in  this 
Institution  survey  the  whole  field  over  which  they  are  spread.  The 
practical  question  for  us  is.  What  can  this  Institution  do  in  its  own 
sphere  to  add  its  quota  towards  the  removal  of  the  disabilities  from 
which  the  industry  is  suffering  ?  The  answer  to  that  lies  in  the 
suggestion  that  Mr.  Madgen  has  thrown  out.  I  know  that  we,  as  an 
Institution,  are  rightly  on  our  guard  against  taking  any  action  which 
may  appear  to  benefit  one  class  of  our  members  at  the  expense  of 
any  other  class.  But  where  the  interests  of  electrical  engineering  as  a 
whole  are  at  stake,  I  contend  that  this  Institution  should  take  a  more 
active  part  in  the  support  of  those  associations  and  individuals  who  are 
engaged  in  the  struggle  to  better  the  conditions  under  which  we  work. 
I  believe  that  that  can  be  done.  We  know  that  there  are  legislative 
questions  now  before  the  Board  of  Trade  and  other  State  Departments 
which  are  menacing  the  development  of  the  electric  traction  industry, 
of  these  power-distribution  schemes,  and  of  electric  lighting.  I  hope 
that  the  reception  which  members  will  give  to  this  paper  will  strengthen 
the  hands  of  the  Council  by  enabling  it  to  feel  that  the  whole  body  of 
members  is  behind  it  in  lending  the  weight  and  the  authority  of  this 
Institution  to  the  support  of  remedial  measures  calculated  to  remove 
the  disabilities  under  which  our  industry  is  labouring. 

Mr.  J.  S.  Ra WORTH  :  The  very  important  paper  which  Mr.  Madgf 
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Mr.  has  brought  before  us  covers  such  an  enormous  number  of  side  issues 

that  I  shall  confine  myself  entirely  to  a  consideration  of  two  questions. 
Are  we  behind  the  position  we  ought  to  have  achieved  ?  and.  What 
are  the  causes  that  have  brought  about  this  lagging?  In  a  meeting 
like  this,  which  generally  devotes  itself  to  scientific  questions,  there 
must  be  many  present  who,  as  it  were,  never  get  away  from  their 
calculations,  who  fail  to  take  a  broad  view  of  the  industry  at  large. 
They  see  that  everybody  around  them  is  busy,  and  therefore  they  think 
that  the  industry  is  in  the  flourishing  position  in  which  it  ought  to  be. 

Now,  let  me  compare  our  position  in  electric  light  engineering,  not 
with  the  position  in  America  and  on  the  Continent,  where  the  condi- 
tions may  be  different,  but  with  that  of  the  gas  companies,  which  draw 
their  customers  from  the  same  class  of  people  as  that  which  furnishes 
ours.    Our  position  at  the  present  moment  is  this  (I  am  now  com- 
paring the  figures  of  1898,  which  are  the  only  figures  aN-ailable  for 
comparison):   The  total  revenue    of    all   electric    light  and   electric 
power   companies   in    the    United    Kingdom    of    Great    Britain    and 
Ireland  founts  to  £1,606,000  per  annun).     But  it  is  astonishing  to 
note  that  the  increase  in  the  revenue  of  the  gas  companies  in  the  two 
years  from  1896  to  1898  exceeded  the  sum  total  of  all  our  revenue ; 
that   is  to  say,  it  increased  from   19  millions  to  21  millions,  making 
a  total  increase  in  revenue  of  £1,611,000.    I  ask  you  to  realise  that 
in  the  face  of  all  the  electric  lighting  stations  which  have  been  started 
throughout  England,  the  gas  companies  have  been  able  to  add  one 
million   and  a  half    pounds    to    their   revenue.     Further,   the   profit 
which  the  three  large  gas  companies  in  London  derive  from  the  supply 
of  gas  is  £1,655,000  a  year,  that  profit  being  greater  than  the  total 
revenue  of  the  electric  lighting  companies  in  Great  Britain  and  Ireland 
With  those  figures  before  them,  who  could  say  that  our  industry  has 
not  been  choked  ?    We  have  been  working  at  it  as  hard  as  we  could 
in  supplying  electric  light  for  twenty  years,  and  yet  we  have   not 
gained  more  than   £1, 606,00a     Some  may  say  that  we   have   been 
putting  down  stations  as  fast  as  possible.    The  result  is,  we  have  198 
stations  working  to-day,  and  the  gas  companies  have  661,  showing 
that  they  are  still  a  long  way  ahead  in  numbers  as  well  as  in  the 
breadth   of  their  operations  and  their  power  of  collecting   money. 
Now,  I  have  no  great  antipathy  to  the  idea  of  municipal  trading ;  I 
do  not  object  to  the  municipality  trading,  because  they  bring  com- 
petition into  our   field  of   operations ;  and  I   do  not  object  to   the 
ratepayers  taking  the  risk  upon  their  shoulders  if  they  are  content  to 
do  it.     My  objection  to  municipal  trading  is  based  upon  the  ground, 
which  I  explained  at  great  length  two  years  ago,  that  they  do  not 
manage  the  business  as  well  as  the  companies  do.    I  say  that,  in  that 
great  industry  of  gas,  which  was  based  upon  the  principle  of  perfect 
equality  between  the  company  and   the  municipality,  there   was  no 
advantage  to  the  municipality  which  the  company  did  not  also  have, 
and  the  companies  beat  the  corporations  entirely,  and  supplied  a  better 
article  at  a  lower  price.     It  was  only  when  we  came  to  tramways  and 
electric  lighting  that  the  new  principle  was  introduced  of  giving  an 
advantage  to  the  corporation  as  against  the  company.     And  I  contend 
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that,  if  those  advantages  on  behalf  of  the  corporations  were  taken  away,  Mr. 
we  should  no  longer  have  cause  for  fear,  because  the  municipalities 
would  not  choose  to  go  into  the  field  where  there  was  free  trade.  It 
is  the  special  provisions  of  those  two  or  three  Acts  of  Parliament  that 
bring  about  the  great  mischief  from  which  we  suffer  at  present.  As 
General  Webber  might  have  told  you  had  he  been  here,  between  1882 
and  1888  it  was  impossible  for  any  electric  lighting  stations  to  be 
started,  because  the  capital  could  not  be  got.  Then  the  period  for 
purchase  was  extended  to  forty-two  years,  and  so  we  now  get  the 
capital,  but  only  with  very  great  difficulty.  Further,  the  difficulty  is 
increased  by  the  violent  opposition  of  corporations  to  the  granting  of 
an  Order  on  fair  terms.  If  it  be  urged  that  there  are  a  great  number 
of  gentlemen  ready  to  come  into  the  business,  to  put  their  money  into 
it,  and  take  the  risk  of  electric  supply,  it  must  further  be  considered 
what  a  large  amount  of  capital  they  have  to  spend  in  overcoming  the 
opposition  of  local  authorities.  It  was  said  by  Mr.  Vesey-Knox  that  if 
people  are  prepared  to  supply  at  a  cheap  rate  they  can  get  permission 
to  supply  over  a  very  large  district.  Let  them  try  to  do  it,  and  they 
will  find  they  have  to  spend  weeks  in  the  rooms  of  the  House  of 
Commons  arguing  the  point  ad  nauseam  with  people  who  only  want 
to  keep  them  out ;  and  an  enormous  sum  of  money  is  spent  often  without 
any  success  or  reward  at  all.  Those  are  the  obstacles  put  in  our  way 
by  the  Legislature,  and  if  those  were  removed  and  we  were  put  on 
equal  terms,  we  should  have  no  more  trouble  with  municipalities. 

Mr.  SwiNTON  :  I  agree  with  Mr.  Sellon,  that  this  is  a  subject  of  very  Mr.Swinion 
great  importance  ;  it  is  a  pity  that  we  do  not  more  often  have  discus- 
sions upon  subjects  of  this  description  here.  It  is  true  that  this  is  a 
scientific  Institution,  but  it  is  no  use  having  discussions  upon,  for 
instance,  dielectric  losses  in  cables,  if  we  have  no  cables  in  which 
dielectric  loss  can  occur.  Mr.  Madgen  has  stated  in  his  paper  the  chief 
reasons  for  the  backwardness  of  the  electrical  industry  in  this  country. 
Up  to  a  very  short  time  ago — I  do  not  think  it  is  so  now — if  such 
reasons  were  adduced  for  the  backwardness  of  this  country,  there  was 
always  a  certain  class  of  persons  who  denied  that  those  were  the  real 
reasons,  averring  that  the  true  reason  was  the  speculation  that  took 
place  in  electric  businesses  about  the  year  1882.  I  do  not  think  that  the 
British  investor  has  such  a  long  memory  that  it  takes  him  back  to  the 
year  1882  ;  the  usual  cycle  of  memory  of  the  ordinary  Stock  Exchange 
investor  is  very  much  shorter  than  that.  There  is  no  doubt  'that  the 
primary  reasons  for  our  backwardness  in  electrical  matters  in  this 
country  are  traceable  to  the  Tramway  Acts  and  the  two  Electric  Light- 
ing Acts,  apd,  I  must  add,  to  the  administration  of  those  Acts  by  the 
Board  of  Trade.  Mr.  Madgen  has  stated  in  his  paper  that  the  Board  of 
Trade  is  curiously  named,  and  somewhat  curiously  constituted.  I  have 
personally  been  at  some  pains  recently  to  inquire  into  the  constitution 
of  the  Board  of  Trade,  and  I  have  had  great  difficulty  in  finding  out 
anything  about  it.  In  any  ordinary  book  of  reference,  under  the 
heading  of  "  Board  of  Trade,"  there  are  mentioned  the  President,  the 
Secretary,  and  various  sub-secretaries,  but  there  is  no  reference  to  any 
Board  at  all.    I  have  pursued  my  investigations,  and  find  that  the  Board 
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Mr.swinton.  of  Trade  has  been  in  existence  for  some  centuries,  that  it  has  led  a  very 
chequered  career,  having  been  several  times  entirely  suppressed,  but 
that,  as  at  present  constituted,  it  consists  of  a  Committee  of  the  Privy 
Council,  formed  of  various  high  officers  of  State,  and  includes,  ex  officio, 
the  Archbishop  of  Canterbury  !  I  need  scarcely  say  that  the  Board  of 
Trade  appears  to  be  but  seldom  called  together,  and  in  fact  exists 
merely  in  name.  Now,  I  think  that  that  really  goes  to  some  extent  to 
the  root  of  the  matter.  At  one  period  in  the  history  of  the  country  the 
Board  really  existed,  and  probably  was  of  some  considerable  impor- 
tance ;  for  I  find  that  Oliver  Cromwell,  who  did  much  to  increase  the 
power  of  this  country  both  abroad  and  at  home,  appointed  on  the  Board 
of  Trade  twenty  merchants  of  the  City  of  London.  If  something  of 
that  kind  could  now  be  done  towards  constituting  a  Board  of  Trade 
which  would  be  truly  representative  of  the  industries  of  this  country, 
and  which  would  guide  the  President  and  Secretaries,  it  would  be  a 
very  good  thing. 

To  pass  to  another  question :  it  must  be  evident  to  any  one  who 
thinks  about  the  matter  that  putting  any  new  industry  into  the  hands 
of  bodies  like  municipalities  must  necessarily  lead  to  that  particular 
business  proceeding  very  slowly.  Municipalities  employ  the  ratepayers' 
money.  They  must  not  speculate  ;  they  can  only  take  up  businesses  the 
success  of  which  is  absolutely  assured.  At  the  beginning  of  all  new  enter- 
prises there  is  necessarily  a  speculative  period,  and,  if  enterprises  of 
that  description  are  entrusted  to  municipalities,  they  must  necessarily 
wait  until  other  people  have  shown  the  way.  That  is  what  has 
happened  in  this  country,  and  it  is,  I  think,  one  of  the  objections  that 
goes  to  the  root  of  all  municipalisation.  Private  enterprise  is  the  only 
legitimate  way  of  trying  new  things.  Even  if,  as  I  do  not  believe  is  the 
case,  the  result  is  that,  in  any  particular  town  the  municipality  can  supply 
electric  energy  more  cheaply  than  can  private  enterprise,  that  may  be  to 
the  advantage  of  the  particular  inhabitants,  but  owing  to  the  fact  that 
it  throws  things  back  it  cannot  be  to  the  advantage  of  the  country.  If, 
in  the  early  days  of  railways,  this  country  had  been  content  to  wait 
until  other  countries  had  made  railways,  I  have  no  doubt  that  ours 
would  have  been  constructed  very  much  more  economically  than  they 
were,  and  very  likely  we  should  now  be  able  to  travel  more  cheaply. 
But  the  country  would  have  been  vastly  the  poorer.  This  country 
was  the  pioneer  in  railways ;  it  made  railways  all  over  the  Continent, 
and  I  am  quite  convinced  that  the  amount  of  profit  that  was  made  and 
the  capital  value  of  all  that  advantage,  has  been  very  much  greater 
than  would  pay  ten  times  over  any  excess  in  fares  that  perhaps  we  pay 
to-day  for  travelling. 

Previous  speakers  have  alluded  to  the  fact  that,  at  the  present 
moment,  it  is  not  easy  to  raise  money  for  electrical  industries.  Again,  I 
think  the  reason  is  largely  the  fact  that  the  greater  portion  of  the 
electrical  business  in  this  country  is  in  the  hands  of  municipalities.  In 
nearly  all  our  large  towns,  except  London,  the  electrical  business 
(lighting,  power,  and  tramways — or  at  any  rate  the  lighting  and  power) 
— is  in  the  hands  of  municipalities.  Any  one  wishing  to  raise  money 
for  some  electrical  undertaking  in  the  country  finds  that  the  people 
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will  not  look  at  London ;  they  say  it  is  an  exceptional  place,  and  cannot  Mr.Swinton. 
be  compared  with  their  town.  But,  leaving  London  out  of  account, 
there  is  no  place,  or  at  most  but  few  places,  that  can  be  pointed  to 
where  large  profits  are  being  made,  because  it  is  all  in  the  hands  of 
municipalities,  and  the  municipalities  do  not  pretend  to  make  profits. 
As  showing  an  instance  of  that,  I  may  mention  Newcastle,  which  is 
a  fairly  large  town,  and  in  which  there  are  two  private  companies, 
both  of  them  very  prosperous.  It  is  noteworthy  that  the  electric  supply 
undertakings  in  two  other  towns,  Scarborough  and  Cambridge,  are 
almost  entirely  capitalised  from  Newcastle — at  least  two-thirds  of  the 
capital  comes  from  there — the  reason  being  that  the  people  in  New- 
castle who  had  put  money  into  electric  light  undertakings  had  found 
it  very  profitable,  and  were  ready  to  invest  in  electric  enterprises 
elsewhere.  Hence  it  may  be  argued  that,  supposing  the  electric  light 
of  Edinburgh,  Glasgow,  Liverpool,  Manchester,  and  all  the  large  towns, 
instead  of  being  in  the  hands  of  municipalities  was  run  by  well  managed 
companies,  all  paying  their  lo  or  15  per  cent,  there  would  be  no 
difficulty  in  getting  any  amount  of  money  for  electrical  enterprise. 
I  think  that  one  of  the  things  required  is  that  some  body  of  persons 
representing  the  electrical  industry  should  assert  themselves.  I  have  a 
very  high  opinion  of  Government  permanent  officials,  but  they  take  the 
line  of  least  resistance  to  a  large  extent,  and  if  they  are  entirely  pushed 
one  way  they  will  go  that  way.  At  the  present  moment  the  pushing  is 
nearly  all  done  on  one  side,  namely,  the  municipal  side,  by  the  Associa- 
tion of  Municipal  Corporations,  and  bodies  of  that  kind ;  and  what  is 
wanted  is  that  some  body  should  push  the  other  way,  and  I  think  that 
this  Institution  might  do  this  to  a  certain  extent.  Of  course  this  Institu- 
tion is  primarily  scientific.  Very  likely  the  Institution  of  Civil  Engineers 
have  never  done  exactly  what  I  think  this  Institution  ought  to  do  ;  but 
then  circumstances  alter  cases,  and  exceptional  circumstances  require 
exceptional  remedies. 

Mr.  Ll.  Atherley  Jones,  M.P.  :  I  must  confess  I  came  here  with  Mr.Ath«riey 
the  idea  that  I  should  simply  have  to  perform  the  agreeable  duty  of  "**" 
listening  to  the  observations  of  gentlemen  more  competent  than  I  am 
to  express  an  opinion  upon  the  subject-matter  of  Mr.  Madgen's  paper. 
But  perhaps  there  was  some  solicitude  that,  inasmuch  as  an  attack  had 
been  made — perhaps  not  an  unmerited  attack — upon  the  Institution  of 
which  I  am  a  member,  it  would  only  be  a  graceful  act  to  call  upon  me 
to  say  a  few  words  in  its  defence.  I  frankly  admit  that  Parliament  has 
been,  perhaps,  remiss  in  the  efforts  which  it  might  have  successfully 
made  to  encourage  and  develop  the  great  electrical  enterprise,  whether 
by  way  of  traction  op^rhcther  by  way  of  lighting,  which  has  had  such 
marked  success  in  other  countries,  but  which  in  this  country,  through 
causes  which  have  been  lucidly  traced  by  Mr.  Madgen,  have  not  met 
with  corresponding  success.  But  we  are  probably  all  agreed  that, 
within  the  last  few  years,  at  any  rate,  there  has  been  a  growing  con- 
ception on  the  part  of  Parliament  that  the  interests  of  the  community 
can  perhaps  be  better  served  by  adverting  to  the  dictates  of  private 
enterprise,  rather  than  the  narrow  and  somewhat  insular  interests 
of  municipalities.     I  am  far,  indeed,  from  saying  one  word  which  would 
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Mr  Atheriey  reflect  upon  our  municipal  government.    We  owe  the  creation  of  that 
joncs.  public  spirit  which  finds  its  best  demonstration  in  private  enterprise,  to 

the  encouragement  of  the  growth  of  that  free  spirit  which  exists  in  our 
municipal  government.  But  at  the  same  time  we  have  perhaps  coddled 
our  municipalities  a  little  too  much.  We  have  recognised  by  recent 
legislation  that  the  chess-board  system — if  I  may  use  the  expression — of 
local  government  is  not  that  which,  in  certain  directions,  is  best  suited 
to  serve  the  public  benefit.  And  therefore,  instead  of  taking  some 
small  municipality  as  the  unit  for  the  purpose  of  local  government,  you 
have  ignored  that  small  municipality,  and  have  merged  your  scheme 
of  local  government  in  the  larger  unit  of  the  county.  That  has  been 
done  in  various  matters  of  local  government,  but  it  has  not  been  done 
in  respect  of  electrical  enterprise,  be  it  Hghting  or  be  it  traction. 
Therefore  it  is  we  find  that  one  of  the  greatest  hindrances,  probably,  to 
the  development  of  electrical  enterprise,  in  traction  or  in  lighting,  has 
been  the  veto  which  can  be  exercised  by  local  authorities  over  the 
private  enterpriser.  That,  I  think,  will  be  removed.  I  think  that 
Parliament,  in  passing  the  Power  Bill  in  the  last  session  for  the  county 
of  Durham  and  for  a  certain  portion  of  South  Wales,  recognised  that 
the  will  of  the  municipality  was  not  to  override  the  necessities  of  the 
public  at  large.  Because,  if  I  remember  aright,  that  Bill,  or  one  of 
them,  met  with  very  considerable  opposition  from  municipal  authorities  ; 
and  I  understand  that  similar  Bills  in  this  coming  session  of  Parliament 
are  likely  to  meet  with  similar  opposition. 

There  is  one  other  topic  of  Mr.  Madgen's  paper  which  struck 
nie  very  forcibly,  and  that  was  where  he  advocated  the  desirability 
of  developing  and  encouraging  electrical  enterprise  in  the  interests  of 
the  Imge  masses  of  our  population  aggregated  in  labour  districts.  I 
believe,  and  I  think  that  that  is  the  opinion  even  of  that  much-abused 
body,  the  Board  of  Trade — whatever  the  Board  of  Trade  may  be — that 
it  is  desirable  that  facilities  should  be  afforded,  to  what  length  perhaps 
it  is  difficult  at  present  to  say,  for  tramway  companies  and  light 
railway  companies  to  construct,  under  more  favourable  conditions 
than  at  present,  means  of  transit  from  the  centres  of  indu-^try 
to  those  more  distant  places  in  which  alone  cheap  habitation  can  be 
obtained.  And  if  the  present  President  of  the  Board  of  Trade  devotes 
his  attention  in  this  session  of  Parliament  to  making  successful  the  Light 
Railway  Act,  which  is  to  some  extent,  I  believe,  to  supersede  the 
present  Light  Railway  Act,  and  which  might  perhaps  reasonably  super- 
sede in  some  respects  the  Tramway  Act — that  will  lead  in  no  small 
measure  to  the  development  of  electrical  enterprise  in  this  country. 

I  will  only  say  it  has  been  a  great  pleasure  to  me  to  listen  to  the 
interesting  observations  which  have  been  made.  I  suppose  I  may  be 
permitted  to  say  I  have  been  able  to  induce  the  Board  of  Trade  to 
receive  a  deputation  to  discuss  the  precise  scope  and  direction  of  the 
new  Tramway  Act,  and  that  these  matters  which  have  been  dealt  with 
so  ably  by  Mr.  Madgen  will  undoubtedly  be  laid  before  the  Board,  and 
I  hope  will  bring  forth  good  fruit. 
|JJ[|^  Professor  Silvanus  Thompson  :  We  are  all  indebted  to  Mr.  Madgen 

Thr^r^r^n.     {oT  having  brought  before  us  this  topic,  for  I  doubt  if  a  more  important 
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subject  coulfll  have  been  brought  before  this  Institution  at  the  present   ^^J,^^ 
time.     It  is  really  a  national  question — this  matter  of  being  able  to  Thompson. 
supply  power  cheaply  to  our  industries.    And  I  would  like  to  point  out 
tbat  there  are  one  or  two  small,  comparatively  simple,  matters,  in  which 
it  is  desirable  that  we  should  have  our  minds  quite  clear.     It  is  some- 
times urged  against  us  when  we  advocate  the  establishment  of  these 
large  power-stations,  and  when  we  adduce,  as  practical  reasons  why 
they  should  be  encouraged,  those  large  power-stations  on  the  continent 
of  Europe  and  in  North  America,  that*  those  stations  are  almost  all 
without  exception  water-power  stations.      They  say,   "You  have  no 
waterfalls  in  England  worth  having,  and  you  do  not  know  anything 
whatever  about  working  power-stations  except  those  which  have  water 
as  the  natural  source  of  supply."    I  do  not  admit  the  argument.    In  the 
first  place,  if  there  is  a  waterfall  that  is  not  yet  taken  for  power  pur- 
poses, that  waterfall  belongs  to  somebody,  and  that  somebody  will  want 
his  price  for  it  so  soon  as  it  is  known  that  the  power  of  the  waterfall  is 
worth  money.    Whoever  wants  to  take  that  waterfall  for  water-power 
purposes  will  have  to  pay  for  it ;  and  the  price  which  he  will  have  to 
pay  is  that  which  he  would  have  to  pay  to  run  in  some  other  way 
the  works  which  are  going  to  be  run.    That  is  the  factor  which  sets  the 
price.    You  do  not  get  water-power  for  nothing,  although  Nature  pro- 
vides you  with  the  water  falling  over  the  precipice.    We  have  in  this 
country,  as  everybody  knows,  cheap  coal  ;   coal  which  Nature  also 
provides  free  of  cost,  but  which  belongs  to  somebody,  and  which  costs 
us  money  for  digging  up.    The  economic  problem  is  not  coal  v.  water- 
power,  but  how  to  make  use  of  the  natural  source  of  power  which  we 
have,  whether  it  be  coal  or  whether  it  be  water.    The  engineering  may 
be  different,  but  the  economic  problem  is  really  precisely  the  same. 
Ajid  the  dearer  the  power  is,  as  Mr.  Madgen  has  well  remarked,  in 
itself,  the  more  there  is  to  be  gained  by  distributing  that  power  as 
economically  as  possible.    So  that  if  it  be  true  that  power  costs  us  more 
by  being  generated  from  coal  than  by  being  generated  from  water 
flowing  over  a  precipice,  it  is  all  the  more  necessary  then  that  we 
should  have  an  economical  system  of  transmitting  it  and  distributing  it. 
Another  practical  point  is,  that  we  want  information,  and  I  will  ask 
Mr.  Madgen  in  his  reply  to  give  it.    Where  are  there  (I  know  of  some) 
large  stations  worked  by  coal  as  distinct  from  large  stations  worked  by 
water  ?  I  do  not  ask.  Where  are  coal-stations  for  the  purpose  of  sending 
power  to  a  long  distance  ?    That  is  not  the  question.    But,  Where  are 
there  large  stations  economically  transmitting  electric  current  to  the 
district  round  them  for  any  purpose  whatever?     We  want  to  know 
the  figures  for  large  coal-stations  in  comparison  with  those  of  the 
water-power  stations  when  we  have  to  talk  to  the  people  who  are 
impervious   to  the    argument  that  water-power    cannot  be  got   for 
nothing.     Then  another   thing  we  want  to   know   is.   What   is  the 
proper  basis  for  reckoning  out  the  suitable  size  of   unit   for  a  big 
power-station  ?    Of  course  I  know  that  no  one  answer  can  be  given  : 
it  depends  on  local  conditions.     But  when  we  are  told  that  a  muni- 
cipality  intends   to ,  supply  power  as  well  as    light,  and   that  then 
because  it  has  a  station  big  enough  for  i,ooo   H.P.  it  will  therefore 
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Professor       }^q  ^blc  to  compctc  cconomically  with  one  of  those  Jarge   power- 
Thompson,     schemes  which  has  a  big  qpntral-station  a  few  miles  away,  we  want 
to  know,  and  have  the  facts  for  it,  Where  is  the  size  of  station  at 
which  it  becomes  no  longer  economical  to  make  it  larger,  where  it 
would  pay  better  to  put  a  second  one  up  at  some  other  convenient 
place  on  another  coal-mine  a  few  miles  away  ?    Unquestionably  facts 
can  be  got  at,  but  they  have  never  been  stated,  so  far  as  I  know,  in  a 
compact,  concise,  or  useful  manner,  that  could  be  used  effectively  for 
the  purpose  of  convincing  those  w^ho  do  not  understand  what  the  real 
problem  is.    Is  it  true,  for  example,  that  when  you  get  a  station  up  to 
the  size,  as  I  have  been  told — I  do  not  accept  the  figure — of  io,ooo  H  J^. 
it  does  not  pay  to  go  on  to  make  it  up  to  20,000  H.P.,  and  that  you  had 
better  put  up  a  second  station  a  little  way  off  ?    You  know  that  directly 
you  double  the  station  by  dividing  it  into  two  at  a  distance  apart,  certain 
expenses  are  doubled,  which  would  not  be  doubled  if  the  station  re- 
mained as  one  large  station.     I  need  not  go  into  the  details  of  it,  bat  it 
is  obvious  that  there  must  be  additional  expenses  whenever  you  break 
ground  in  a  new  place.    Is  there,  or  is  there  not,  a  limit  of  size  beyond 
which  the  .increased  output  will  no  longer  produce  a  cheaper  output  ? 
Our  municipalities  up  and  down  the  country  sometimes  use  rather 
curious  arguments.    One  that  I  have  heard  *used,  rather  efiFectively, 
against  a  big  power-station  coming  into  that  municipality  was  that. 
seeing  that  they  were  makers  of  their  own  gas,  they  had  a  very  large 
quantity  of  coke,  which  they  sold  every  year,  and  on  the  sale  of  their 
coke  at  a  cheap  price  they  made  profits,  and  that  no  power-station 
twenty  miles  away  could  possibly  dig  up  fuel  for  itself  which  would 
be  cheaper  than  the  spare  coke  which  they  themselves  produced.    Of 
course,  the  obvious  answer  to  that  is  that  that  municipality  is  making 
huge  profits  out  of  the  gas  that  it  sells  ;  it  is  not  selling  that  gas  nearly  a^ 
cheap  as  it  might  do,  but  it  is  taxing  the  community  for  the  gas  over 
which  it  holds  a  monopoly,  and  throwing  away,  or  selling  very  cheaply, 
a  waste  product,  that  need  not  be  in  that  sense  a  waste  product     The 
economic  unit  of  size  for  electric  supply  must  clearly  depend  upon 
veiy  different  conditions  from  those  which  determine  the  economic 
unit  of  size  of  area  supply  for  gas,  or  water,  or  milk,  or  other  things. 
Take,  for  example,  the  case  of  water  supply.    In  old  days  we  had 
the  parish  pump,  and  then  we  had  the  village  cistern,  the  village 
reservoir ;  then  we  had  the  town  supply.     Now  look  at  what  all 
the    large   municipalities  in  this  country  are  doing  in  the  way  ot 
providing  themselves  with  immense  water  supplies  from  outside  their 
own  area.    The  same  kind  of  progress,  as  social  conditions  change, 
is    produced    in   other    things   beside   water-supply.     Last    autumn, 
at  the  time  of  the  British  Association  meeting  at  Bradford,   I   was 
inquiring  into  some  of  the  conditions  which  affected,  or  would  affect, 
the  supplying  of  power  in  Bradford,  and  one  that  is  not  to  be  despised 
in  considering  the  question  of  area  is  this :   In  the  town  of  Bradford 
practically  the  whole  of  the  industries  that  require  power  are  textile 
industries,  and  all  the  mills  practically  begin  work  and  leave  off  work 
at  the  same  time.    Any  one  who  knows  anything  about  electrical 
supply  companies  knows  that  that  is  not  the  most  favourable  condition 
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for  the  supply  of  electricity ;  for  you  get  a  load-factor  which  is  unde-  ^Jyan^^*^ 
sirable,  as  in  the  case  of  lighting,  when  all  the  light  comes  on  or  goes  Thompson. 
off  at  the  same  time.    It  is  really  much  better  to  have  a  consuming 
element  which  takes  power  from  the  station  for  a  variety  of  industries 
which  do  not  all  start  o£F  at  the  same  time,  or  stop  at  the  same  time. 
Therefore,  in  determining  the  area  which  would  be  economical  for  the 
supply  of  electric   power,  it  is  inadvisable  to   confine  that  area  to 
a  place  where  the  industries  are  all  of  one  kind.    It  would  obviously  be 
more  economical  to  include  other  towns  with  the  town  that  had  one 
industry — other  towns  which  had  other  industries  which  do  not  want 
the  supply  at  precisely  the  same  time,  because  every  one  knows  that 
what  will  fill  up  the  gaps  in  the  electric  light  load  between  the  demand 
of  one  consumer  and  that  of  another,  is  all  to  the  good  of  that  electric 
lighting  station,  and  improves  its  load-factor.    When  we  compare  the 
state  of  things  in  Italy,  for  example — a  relatively  poor  country,  a  country 
very  far  behind  in  many  ways — and  see  how,  in  Italy,  station  after  station 
has  been  built,  each  station  with  very  large  generating  machinery  dis- 
tributing power  over  wide  areas,  one  feels  perfectly  ashamed  of  what  is 
going  on  in  our  own  country.    I  found  in  Bradford  a  firm  which  sup- 
plies power-looms  to  the  textile  industries  of  Lombardy,  and  had 
supplied  some  thousands  of  looms  quite  recently,  within  the  last  year 
or  two,  every  loom  being  fitted  up  with  an  electric  motor,  I  beheve  in 
ninety-nine  cases  out  of  the  hundred  with  a  three-phase  motor  on  the 
end  of  that  loom.    They  were  supplied  from  Bradford,  the  very  centre 
of  our  English  textile  industry,  yet  the  same  firm  has  not  supplied  a 
single  loom  fitted  up  with  an  electric  motor  for  this  country !    It  is 
most  astonishing  that  we  should  be  sending  to  Italy,  to  compete  with 
us,  looms  electrically  fitted,   because  they   have  an  electric  supply, 
and  that  in  Bradford  there  is  not  a  single  loom  fitted  in  that  way.     I 
leave  you  to  consider  why. 

We  have  been  told  that  we  are  a  nation  of  amateurs.  The  reader 
of  this  paper  has  emphasised  that  point.  But  I  do  not  quite  agree  with 
him  in  thinking  that  it  is  a  matter  to  be  lightly  thought  of,  that  we  do 
not  put  the  same  store  on  education  as  some  other  nations.  If  you  will 
go  to  one  of  the  large  factories  that  send  over  machinery  to  this  country 
from  the  United  States  you  will  discover  that  practically  every  man  in 
that  factory  above  the  grade  of  fitter  is  a  college  graduate.  They  do  not 
turn  a  man  away  there  because  he  is  a  college  graduate,  or  sneer  at 
him  as  being  unpractical.  No,  .they  welcome  him,  and  take  him  in, 
and  make  the  best  of  him,  with  the  result  we  all  know.  In  Germany 
and  in  Switzerland  one  knows  that  throughout  the  factory,  in  every 
department,  you  will  find  as»  managers  of  the  different  branches  men 
who  have  received  the  highest  scientific  and  technical  training.  It  is 
brains  really  against  which  we  haVe  to  fight,  alike  in  the  case  of  the 
German,  the  Swiss,  and  American  competition  in  these  matters.  They 
do  not  leave  things  to  be  "  muddled  out."  They  do  not  leave  them  to 
be  done  in  an  amateurish  way.  They  think  it  out  beforehand,  and 
they  take  the  best-trained  brains  and  make  the  most  use  of  them. 

One  argument  that  I  have  found  very  effective  in  talking  to  the  people 
who  think  that  a  little  electric  light  station  can  supply  power  in  each 
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little  town  up  and  down  the  country  without  any  big  power-scheme,  is 
this :  See  what  has  happened  in  London.  In  London  we  began  with 
our  Vestries  and  Companies  putting  down  littie  stations  here  and  there, 
one  in  each  of  our  parishes.  Gradually  these  things  are  coming 
right,  and  are  being  altered.  We  are  finding  that  a  central  station  is 
an  absurdity,  that  no  station  ought  to  be  central,  that  all  ought  to  be 
out  of  the  centre,  that  they  ought  to  be  outside  ;  that  we  ought  not  to 
have  to  be  carting  coals  into  the  middle  of  a  great  population,  and 
carting  ashes  out  again  ;  that  the  economical  place  to  put  the  station  is 
outside,  and  that  a  few  large  stations  outside  are  paying  better  than  a 
great  many  little  stations  each  in  its  own  district  When  you  point 
out  that,  then  the  doubter  begins  to  see  that  a  large  supply  station 
serving  a  large  area  is  really  a  much  more  economical  thing  than  a 
number  of  little  stations  dotted  down  in  the  different  towns. 

May  I  conclude  with  a  parable  ?  Walk  down  Aldgate,  and  you  will 
see  the  pump,  the  famous  Aldgate  pump,  sur\'iving  to  this  day,  and 
reminding  us  of  the  time  when  each  little  bit  of  a  parish  had  its  own 
water-supply.  The  time  is  not  far  distant  when  any  Vestry  Electric 
Station,  or  any  petty  little  town  station,  will  be  looked  upon  as  just  as 
absurd  for  the  purpose  of  a  big  power-supply  to  the  industries  that  want 
mechanical  power  cheap,  as  the  Aldgate  pump^s  for  supphnng  water 
to  London. 

The  President  announced  that  the  scrutineers  reported  the  follow- 
ing candidates  to  have  been  duly  elected  : — 

Member : 
Montague  Brown  Mountain. 

Associate  Members  : 


Henry  William  Clothier. 
Matthew  Clavering  Coates. 
Henry  William  Wartnaby  Dix. 
Alfred  Ernest  Kennard. 
David  Henry  Kennedy. 
Frederick   Joseph   Arundel    Mat- 
thews. 
John  McLellan. 


John  Frederick  Nielson. 
Arthur  Peckett. 
Herbert  William  Sprunt 
Noel  Statham. 

John  Erskine  Meysey  Stewart 
John  William  Towle. 
Charles  Tuson. 
Henry  Dewar  Wight. 


Associates: 


Harold  John  Bullock. 
Frederick  Thomas  Callis. 
Charles  James  Carter. 
Charles  Henry  de  Russett. 
Arthur  William  Fithian. 
Thomas  Gemmel. 
Thomas  John  Grainger. 
John  Angus  Hay. 
Colin  Bell  Heaviside. 
Mukand  Lai. 
Donald  Macdougal  Macbean. 


Colin  Campbell  Macmiilan. 
Stephen  George  Martin. 
William  Odgers. 
John  Edmund  Pownall. 
William  Pummell. 
Bernard  Ranee. 
Frederick  Rawlings. 
Maurice  Hugh  Reynolds. 
Lionel  Inglis  Robinson. 
Edward  Alexander  Sa\*age. 
Walter  Simpson. 
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Henry  Beven  Swift. 
Thomas  Fane  Tebbutt. 
H.  Arthur  Thomson. 
Alexander  Houston  Weddell. 


Richard    Ffolliott    WiUis   (Capt., 

R.M.L.I.). 
Herbert  William  Wilson. 


Students : 


Herbert  Addy. 
Ellis  Amos. 
Herbert  Dudley  Ash. 
Claude  Randolph  Barry. 
Frederick  Edmund  Berry. 
Edward  George  Paul  Bousfield. 
Swinfern  Bramley-Moore. 
Jeoffrey  Thorold  Brookes. 
Harold  Thomas  Brown. 
Samuel  Wilfred  Carty. 
Edwin  Olding  Chadwick. 
Albert  Bernard  Clark. 
Benjamin  Charles  CoUey. 
William  Michael  Conway. 
Denis  Cullen. 
John  Stewart  Dow. 
Hugh  Victor  Diamond. 
Percy  Farmer  Draycott. 
Alfred  George  Ellis. 
Christmas  Llewellyn  Evans. 
Thomas  R.  R.  Gaunt. 
Edward  Lind  Gosset. 
Charles  Ernest  Greenslade. 
Herbert  Ernest  Hart. 
Thomas  Hopper. 
Hugh  Arnold  Hughes. 
Walter  Ings. 


Albert  Henry  Jackson. 
Henry  William  Jones. 
Frederick  Edward  Kennard. 
William  John  Kinnersley. 
Raymond  Vincent  Marriner. 
Arthur  John  Martin. 
John  Edward  Medley. 
Percy  George  Mitchell. 
Ernest  Josias  Nichols. 
Patrick  O'Hara. 
Henry  Arthur  Pickett. 
Amos  William  Pulvertaft. 
Frederick  Charles  Purvis. 
William  Bradley  Randell. 
Thomas  Raven. 
Ronald  Morrice  Robertson. 
Lionel  George  Frank  Routledge. 
Herbert  Samuel  Selves. 
Arthur  Greystone  Shearer. 
Ernest  William  Short. 
Percy  Rayner-Smith. 
Samuel  William  Steane. 
Walter  Alexander  Turnbull. 
Stanley  Thomas  Walker. 
Arthur  Percy  Whitehead. 
George  Wyatt. 
Arthur  Primrose  Young. 
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i'  "T  r'l-v-  Hur.ftreti  *na  Frty-Xintb  Ordinar^  ^It^nerii 
%\f','^.^^  -ti  *hc  In-sfiniTion  -vas.  held  Jt  the  Instita- 
*ioi  jf  t^,v:  Engineer?,  <jreat  GtMrge  Street,  West- 
.Tur-nfer,  on  TTiursdiv  evening,  Fehmary  2id»  iqci. 
-   p-'>r*<;>or    JoHM    Pehhy,    F.Rjx^   PrrakiPTTt,   in   die 

The  mmuteji  of  die  Ordinary  General  Ifeeting  held  on 
h-'hr  v^rj  2;-f.  1901,  were  read  and  confirmed. 

Tile  n^mes  ot  ne*.v  candidates  tor  election  into  the 
Li-*. tut, on  vere  announced,  and  it  was  ordered  that  tfic 
H>t  >hoii!d  he  suspended. 

Thr  f*/!lr>\v;ng  transfers  were  announced  as  having  been 

A\>\>rc>vf*f\  by  the  Coiincii  i — 

V  rorn  the  cU'^s  of  A.-jsociates  to  that  of  Members — 

Michael  Birt  Field, 

Proin    the    class    of    Associates    to  that  of    Associate 

M^Tnl^>erH--- 

Albert  W,  Makov^AL 
it,  C,  F.  Szckacs. 

liori/itions  to  the  Htiilding  Fund  were  announced  as 
h.ivifi/4  been  received  since  the  last  meeting  from  A.  D. 
WiniHinson^  H.  B.  Graham,  C.  Poulsen,  A.  H.  Unwin, 
j.  W*  Manley^  ;in(l  Captain  R.  Willis  ;  and  to  the  Benevolent 
I' 1111(1  fioin  C.  J.  Carter,  K.  J.  Wallis  Jones,  and  Captain  R. 
VVilhs,  (()  whom  the  thanks  of  the  meeting  were  duly 
lU  rnided. 

Ml.  II.  W»  K.  Irvine  and  Mr.  R.  P.  Brousson  were 
.tp|MMnli'(l  SniitinccMS  of  the  ballot  for  the  election  of  new 
iniMnhciM. 

l*iidi^M»r  \\\  K.  Aykton  :  I  rise  to  propose  no  ordinary 
vi*U»  o(  cv>iuli>U*ncc.  For  in  expressing  in  conventional 
U^ww  Iho  sincere  relict  which  tliis  Institution  feels  in  the 
iloulh  oi  the  ChairniiU)  of  its  Dublin  Local  Section,  I  desire 
irtUuM-  to  give  wico  to  our  deep  grief  and  sorrow  at  the  loss 
\  \\w  y\y\\\  tuend  of  many,  and  the  willing  helper  of  us  ali. 
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To  some  of  you,  perhaps,  Fitzgerald  was  but  a  name,  and 
why  ?  Because  his  life's  work  was  that  of  inspiration — 
inspiring  others.  He  gave  them  his  ideas,  aye,  he  even 
explained  to  them  the  real  meaning  of  their  own.  Science 
to  Fitzgerald  was  what  religion  is  to  the  highest  type  of 
priest — not  a  thing  to  be  used  to  enhance  the  status  or  the 
wealth  of  its  exponent,  but  as  a  great  good  to  be  poured 
forth  without  stint  and  without  reference  to  reward  or  even 
recognition,  for  the  benefit  of  man  and  of  the  world. 
Singularly  free  of  all  human  ambition,  singularly  fertile  in 
suggestion  on  all  subjects,  was  our  dead  comrade.  He 
knew  his  worth,  but  never  claimed  it.  He  knew  his  power, 
yet,  whene'er  he  used  it,  it  was  for  you,  for  me,  for 
science,  to  secure  intellectual  liberty,  but  never  to  secure 
position  for  Fitzgerald.  And  yet  for  him  abstruse 
mathematics  had  no  difficulty,  complex  physical  processes 
no  obscurity.  He  seemed  to  be  able  to  follow  the  inter- 
action of  invisible  molecules  more  easily  than  we  can  grasp 
the  working  of  visible  machines.  This,  morning  I  was 
looking  at  two  letters  from  him,  one  which  reached  me  the 
very  day  that  Mr.  Duddell  read  his  paper  in  this  room  in 
December,  and  the  other  a  few  days  later.  Every  line 
breathes  suggestion,  encouragement,  criticism,  modification. 
Why,  those  two  letters  are  a  little  ti-eatise  on  the  theory  and 
the  possibility  of  Mr.  Duddell's  devices.  Single-minded, 
simple-hearted,  he  died  as  he  lived,  respected,  honoured, 
beloved. 

General  C.  E.  Webber  :  I  cannot  pretend  to  follow 
such  an  eloquent  discourse  as  you  have  just  heard  from 
Professor  Ayrton,  but  I  would  say  that  there  is  a  feature 
in  connection  with  our  dear  late  friend,  Professor  Fitz- 
gerald, as  regards  what  produced  that  man,  which  is  of 
some  interest.  Although  heredity  may  not  be  strictly 
scientific,  it  is  a  subject  which  attracts  us  all.  Professor 
Fitzgerald  could  trace  his  ancestry  back  to  the  Normans 
who,  starting  from  Scandinavia,  conquered  Normandy, 
conquered  Italy,  conquered  England,  and  finally  conquered 
Ireland.  There  can  be  little  doubt  that  the  brain  work 
which  we  have  just  heard  described,  emanated  from  tissue 
that  was  strengthened  and  was  brought  down  to  him 
through  generations  of  strong  and  powerful  men.  But 
not  only  was  he  strong.     He  was  essentially  a  man  who 


',i2  KKKERKNCE    n^  DEATH  r^ 

was  cniMed  to  be  called  gentle.  Gentlemeiu  I  be^  to 
s^o)nd  the  motion  which  will  be  read  to  vou  bv  Profesaor 
Ayrton, 

Froff'ssf>r  Silvants  Thompson  :  I  wish  to  add  my  voictr 
to  that  of  Professor  Ayrton  and  General  Webfaia'  in 
cxprrssing  a>ndolence  with  the  loss  of  one  who  was  so  dear 
to  lis  pfTsrmally,  and  so  very  helpful  to  every  worker  in 
sruMu  «  whf)  had  the  good  fortune  to  know  him^  however 
slightly.  Not  very  long  ago  I  was  talking  with  some  or 
th<^  s(  ientific  men  of  Germany,  and  they  were  deploring 
that  they  did  not,  or  could  not,  do  in  Germany  that  which 
IS  rionc,  so  very  (difectively  in  England  by  the  combined 
efforts  of  scientific  men  working  together  in  Committees. 
They  instanced  the  Committees  of  our  British  Association 
as  examples  of  the  voluntary  associations  which  did  from 
time  to  time  excellent  work,  carrying  that  work  on  in 
(ontininty  from  year  to  year  in  a  way  which  did  not 
liappen  in  (Germany,  where  the  only  combined  kind  of 
effoit  was  that  which  was  done  under  the  patronage  either 
of  the  (iovernment  or  of  one  of  the  Universities,  and 
mostly  by  paid  workers.  Among  the  members  of  the 
Hritish  Association,  whose  help  on  Committees  of  that 
kind  when  organising  scientific  work  to  be  carried  out 
(lurnig  the  course  of  a  year,  if  there  was  one  more  helpful 
than  another  it  was  Fitzgerald.  We  ought  not  to  forget 
what  a  veiy  important  part  Fitzgerald's  ideas  played  in  the 
early  develo|>mcnt  of  the  question  of  the  production  of 
eledrie  waves.  Before  the  researches  of  Hertz,  which 
lesnlted  in  the  experimental  methods  of  exploring  electric 
waves,  I'il/gerald  had  read  at  least  two  papers  before 
Sections  of  the  British  Association,  suggesting  ways  in 
which  such  waves  might  actually  be  started;  in  fact, 
suggesting  beforehand  that  which  Hertz  accomplished,  and 
predicting  for  us  the  generation  of  these  waves  on  the 
lines  of  Maxwell's  investigation.  1  believe  I  am  right  in 
saying  also  that  one  of  the  suggestions  for  a  coherer  for 
ileteeting  waves,  if  not  actually  the  first,  was  made  by 
Fit/geraKI  himself.  In  thousands  of  ways  did  he  help 
others  to  carry  out  ideas,  and  gave  them  ideas  to  carry 
out;  ideas  which  he  could  very  well  have  carried  out 
himself.  Hut  hi^  mind  \\*as  so  fertile  that  he  could  ncrt 
Iv,  even  had   he  had   the  time  at  his  disposal,  have 
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carried  out  one-twentieth  part  of  the  brilliant  suggestions 
that  he  gave  freely  to*  others  and  to  the  scientific  world. 
He  was  a  man  who  was  to  a  certain  extent  overloaded  with 
administrative  and  educational  work  that  ought  never  to 
have  been  put  upon  him.  He  ought  to  have  had  freedom 
for  research,  and  ample  means  for  carrying  out  re- 
searches. Whatever  he  did  he  touched  with  the  finger  of 
genius.  There  are  few  of  us  who  may  claim  in  any  sense 
of  the  word  to  have  been  workers  in  physics  in  the  last 
fifteen  years,  who  do  not  feel  a  debt  to  Professor  Fitzgerald. 
I  had  the  good  fortune  to  be  associated  with  him  very 
closely  during  the  last  three  years  in  quite  a  different 
branch,  namely,  as  co-examiner  with  him  in  the  University 
of  London.  And  even  in  the  routine  work  of  examining 
candidates  for  their  degree  in  physics,  Fitzgerald  was  as 
fertile  in  suggestion,  as  kindly,  as  helpful,  as  any  man  could 
possibly  have  been.  A  truer  or  better  colleague  in  that 
capacity  one  could  not  have  desired.  I  remember  very  well 
indeed  being  struck  with  the  pains  with  which  he  read 
through,  and  referred  in  detail  to,  and  made  careful 
investigations  himself  about,  the  theses  which  were 
presented  for  the  Doctorate  of  Science  by  candidates  in 
physics.  It  was  characteristic  of  the  man  that  when  sitting 
as  critic  upon  a  work  presented  as  a  thesis  for  examination, 
he  should  act  as  helpful  critic,  and  as  a  man  of  useful 
suggestion.  There  are  few  men  in  this  world  like  Fitz- 
gerald :  there  are  few  indeed  who  can  claim  the  ability  in 
any  walk  of  life  which  Fitzgerald  exercised  in  the  highest 
branches  of  physics  :  there  are  few  who  equalled  him, 
none  whom  I  ever  met  who  surpassed  him,  in  kindly 
helpfulness  to  other^. 

The  President  :  At  the  inaugural  meeting  of  the 
Birmingham  Local  Section  of  this  Institution  last  night,  I 
said  what  I  have  to  say  to  the  Institution  on  this  subject. 
It  will  be  printed,  I  hope,  in  the  Journal.  I  should  have 
gone  to  Dublin  on  Tuesday  for  personal  reasons,  but  I  went 
to  Dublin  as  representing  the  Institution  at  the  funeral.  It 
only  remains  for  me  to  read  Professor's  Ayrton's  motion  to 
the  meeting : — 

"That  the  Institution  of  Electrical  Engineers,  in  full 
Meeting,  desires  to  express  its  profound  sorrow  at  the  death 
of  Professor  George  Francis  Fitzgerald,  and  to  place  on 
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record  its  high  appreciation  of  his  brilliant  qualities  as  a 
man,  as  an  investigator,  and  as  a  leader  of  scientific  thought 
and  to  express  to  Mrs.  Fitzgerald  and  his  family  their  heart- 
felt sympathy  under  the  calamity  which  has  fallen  on  them 
and  on  Science." 

The    resolution    was    carried    in    silence,    all     present 
standing. 

The   President  :  I  will  now  call  upon  Mr.  Hammond  to  resume 
the  discussion  on  Mr.  Madgen's  paper. 

Mr.  R.   Hammonp  :  During  the  discussion  on  the  Power  Bills  last 
session,  before  Sir  James  Kitson's  Committee,  some  vitally  interesting 
engineering  questions  arose   in  connection    with  the    generation    of 
electrical  energy  at  centres,  and  the  distribution  of  that  energy  over 
large  areas.    Those  questions  still  await  discussion  and  decision.     I 
have  made  a  note  of  one  or  two  of  them.    What  is  the  limit  of  distance 
from  the  generating  works  of  supply  to  consumers,  beyond  which  the 
extra  costs  of  distribution  counter- balance  the  advantages  of  concentra- 
tion of  plant  ?  What  is  the  limit  of  kilowatts  installed  in  a  central  station, 
beyond  which  economy  of  centralisation  of  plant  ceases  ?    That  question 
arose  on  more  than  one  of  the  Bills,  and  there  was  a  very  great  dif- 
ference of  opinion  with  regard  to  it.    There  were  tliose  who  urged  that 
beyond  5,000  kws.  there  was  little  advantage  in  concentration ;  there 
were  those  who  urged  that  beyond  10,000  kws.  there  was  little  advan- 
tage ;  and  there  were  those  who  urged  that  you  might  go  on  almost 
indefinitely,  and   that   every  time  you  put  down  plant  for  another 
thousand  kilowatts  you  gained  an  advantage  in  cost  of  production.     I 
say  that  that  is  a  question  which  would  form  a  very  interesting  one  to 
discuss  in  this  room.    Thirdly  :  What  are  the  means  that  are  going  to 
be  adopted  in  order  to  preserve  over  a  large  area,  with  various  con- 
sumers, large  and  small,  pulling  at  the  line,  uniformity  of  pressure  so  a> 
to  be  able  to  give  electric  light  within,  I  will  not  say  Board  of  Trade 
limits,  because  this  paper  does  not  like  the  Board  of  Trade,  but  I   will 
say  within  efficient  limits  ?    I  am  sure  that  we  all  feel  that  when  we 
take  a  residence  in  the  North  of  London,  and  we  are  suppUed  from  the 
Northern  Metropolitan  Power  Company,  we  shall  not  like  our  light 
to  be  pumping  up  and  down,  and  we  shall  certainly  have  a  right  to 
consider  before  we  turn  it  on  what  are  the  means  that  are  going  to 
be  adopted  in  order  to  give  us  just  that  little  variation  of  pressure 
which  we,  as  electrical  engineers,  can  put  up  with.    I  mention  those 
three  points,  each  one  of  which  I  think  could  very  seriously  occupy  the 
attention  of  this  Institution.    They  are  certainly  within  its  direct  scope. 
and  I  feel  confident  that  when  the  engineering  questions  arising  out  ot 
these  Power  Bills  are  discussed,  our  guests  from  the  country  will  find 
this  room  full  to  overflowing.    To-night  we  are  dealing  with  a  different 
subject.    This  paper  has  an  excellent  title,  "  The  Electrical  Power  Bills 
of  1900  :  Before  and  After,"  but  not  one  of  the  engineering  qQestion> 
which  we,  as  electrical  engineers,  are  interested  in,  is  touched  in  this 
paper.    That  leaves  a  chance  for  somebody  else  who  is  interested  in  the 
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engineering  side  of  the  question  to  come  up  with  another  paper — that  Mr. 
will  be  "The  Electrical  Power  Bills  of  1900:  After,"  leaving  out  the  *°'°*** 
"  Before."  This  paper,  I  think,  may  be  summed  up  under  about  four 
headings,  and  these  four  points  are,  I  conceive  :  (i)  in  the  first  few  pages, 
a  lament,  a  dirge  I  may  say,  over  the  fact  that  we  in  the  United  Kingdom 
are  terribly  behind  in  the  matter  of  electric  lighting,  fortified  by  certain 
extracts  written  by  the  most  irresponsible  persons  in  most  irresponsible 
daily  papers ;  (2)  an  intimation  that  this  backwardness  in  electric 
lighting  is  due  to  the  ignorant  Legislature,  the  foolish  Board  of  Trade, 
and  the  selfish  local  authorities  ;  (3)  an  intimation  that  what  we  should 
do  is  to  copy  the  German  and  American  inethods ;  and  (4)  an  appeal  to 
this  Institution,  fortified  by  chapter  and  verse  out  of  its  Articles  and 
Memorandum  of  Association,  to  form  a  committee  in  order  to  make  the 
path  of  the  Company  promoter  at  all  events  a  little  smoother.  As  far 
as  I  am  concerned,  I  am  very  sorry  I  was  not  at  the  reading  of  the 
paper,  because  I  should  have  liked  to  get  in  at  a  very  early  part  of  it. 
I  was  professionally  engaged  elsewhere,  but  I  understand  that  almost 
all  the  speeches  were  thoroughly  in  support  of  the  paper.  Therefore, 
I  am  glad  to  be  here  to-night,  to  say  that  I  distinctly  dissent  from  those 
four  propositions,  though,  of  course,  there  may  be  more  than  four  in 
the  paper  that  I  dissent  from.  I  will  take  the  first.  Why  are  we  behind 
in  this  country  in  the  matter  of  electric  lighting  ?  The  paper  gives 
certain  explanations.  I  deny  the  soundness  of  those  explanations. 
Why  are  we  behind  ?  Let  any  electrical  engineer  in  this  room  who 
has  had  to  face  a  Board  of  Directors  desiring  to  put  their  money  into 
electric  lighting  (or  unwilling,  as  the  case  may  be,  but  anxious  at  all 
events  to  make  a  good  investment),  say  why ;  or  let  him- face  a  committee 
of  a  Town  Council  equally  desirous  of  extending  the  town  investments, 
but  not  wishing  to  make  a  mistake,  and  then  give  his  opinion  on 
the  subject.  What  is  the  feature  that  has  kept  us  so  far  backward. 
It  seems  to  me  to  be  the  A  B  C  of  the  subject.  Those  of  us  who 
have  passed  through  it  have  always  been  met  with  one  point,  and 
that  is,  we  cannot  compete  with  gas  at  2s.  a  thousand  feet.  That 
was  said  to  me  by  a  number  of  capitalists  in  Leeds  ten  years  ago,  and 
the  result  was  that  they  delayed  starting  works.  When  I  went  to  the 
Corporation,  and  tried  to  persuade  them,  they  equally  dissented, 
because  gas  at  2s.  a  thousand  feet  could  not  be  competed  with,  and 
over  and  over  again  in  this  country  up  to  the  present  time  the  spread 
of  electric  light  is  checked  by  the  keen  competition  with  the  cheapest 
gas  in  the  world.  People  have  come  back  from  their  summer  holidays 
and  told  mc  over  the  dinner-table  that  they  have  been  at  a  small  village 
in  Switzerland,  and  they  have  seen  the  electricity  in  the  rooms  of  their 
hotel.  But  how  is  it  ?  It  is  because  they  cannot  get  gas  at  any  price. 
When  I  first  went  to  New  York  I  found  gas  costing  los.  a  thousand 
feet,  and  I  was  not  surprised  that  Mr.  Edison  was  doing  so  well 
with  his  electric  light.  Throughout  America  and  on  the  Continent  you 
find  high  prices  of  gas.  I  took  my  Dublin  friends  across  last  year 
to  the  Continent,  and  there  was  one  man  who  would  ask,  *'  What  is  the 
price  of  gas  ? "  And  when  he  found  that  it  was  6s.  or  6s.  6d.  he  was 
amazed.    The  real  factor  in  the  backwardness  of  electric  light  in  this 
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country  is  not  the  factor  mentioned  by  Mr.  Madgen,  but  the  cheap 
price  of  gas.  Mr.  Madgen  says  that  it  is  all  due,  or  almost  all  due,  to  local 
authorities.  I  ask  you  to  say  that  that  is  an  absolutely  mistaken  idea 
to  nourish.  Local  authorities  in  this  country,  out  of  investments 
amounting  to  twenty-five  million  pounds,  have  put  down  fourteen 
million  pounds.  We  owe  as  an  Institution  a  great  debt  of  gratitude  to 
the  local  authorities  in  this  country,  for  the  customer  who  comes  and  puts 
fourteen  out  of  twenty-five  millions  into  an  industry  is  a  desirable 
customer  and  we,  as  electrical  engineers,  owe  him  a  debt  of  gratitude.  As 
for  the  consumers,  the  local  authorities  have  shown  the  concipanies  how 
electricity  can  be  produced  at  a  low  rate.  Their  average  rates  of  charge 
are  far  lower  than  those  of  companies.  There  are  two  undertakings  in 
the  country  that  supply  at  below  3d.,  and  both  are  local  authorities. 
There  are  6  that  supply  between  3d.  and  3id.  None  of  them  are 
companies.  There  are  12  that  supply  between  3id.  and  4d, — nine  local 
authorities  and  three  companies.  There  are  30  that  supply  between  4d. 
below  4id. — 25  local  authorities  and  5  companies.  There  are  23  supplying 
at  5d. — 18  local  authorities  and  5  companies.  If  I  had  time  I  would 
carry  the  point  further,  and  show,  when  you  get  above  5d.,  how  largely 
the  companies  exceed  the  price  of  the  local  authorities.  Now  for 
Germany.  I  say  with  regard  to  Germany,  let  us  do  as  the  Germans  da 
My  work  has  taken  me  three  times  to  Germany  this  year,  and  I  have 
gone  from  one  central  station  to  the  other,  and  I  will  tell  you  what  >'Ou 
are  likely  to  see  when  you  get  there.  With  regard  to  the  wonderful 
power  schemes  in  working  order  mentioned  by  the  author,  you  will  not 
see  one.  You  cross  the  frontier  at  Aix-la-Chapelle,  and  you  will  find 
that  the  works  are  owned  by  the  MunicipaUty.  You  stop  the  first  night 
at  Hanover.  You  go  on  to  Dresden,  and  you  put  in  a  few  hours  at 
Nuremburg.  You  stay  at  Frankfort,  and  then  you  go  to  Mayence — and 
in  every  case  you  find  that  the  works  are  owned  by  the  Municipality, 
Finally  you  stop  for  a  night  at  Mannheim,  and  discover  that  there  is 
there  a  big  power  scheme  suppUed  by  the  Municipalit>%  Finally,  I 
disagree  with  Mr.  Madgen,  who  says  that  we  want  a  committee  to 
put  these  local  authorities  right,  and  to  straighten  out  the  Legislature. 
No,  better  far  for  some  member — I  will  not,  as  I  am  on  the  Council — 
to  move  an  amendment  that  a  committee  be  formed  to  consider 
engineering  questions  connected  with  power  supply,  and  to  report 
to  the  Institution  to  what  extent  the  present  power  schemes  are  likely 
to  overcome  them. 

Mr.  S.  Morse  :  I  hoped  to  have  spoken  later  in  the  evening,  but  it 
is  perhaps  as  well  that  some  one  should  at  once  get  up  to  suggest  to  the 
last  speaker  that  his  speech  was  one  which  it  would  have  been  better  to 
have  left  undelivered.  I  regret  that  it  was  put  forward  by  the  last  sp>eaker 
that  he  would  not,  by  reason  of  the  fact  that  he  was  a  member  of  the 
Council,  move  an  amendment.  I  should  have  said  he  did  not  dare 
move  an  amendment.  I  know  no  reason  whatever — and  I  have  been  a 
member  of  the  Council  myself — to  prevent  a  member  of  the  Council 
moving  an  amendment  to  a  resolution  moved  by  members  of  the 
Institution.  I  should  have  thought  that  if  a  member  of  the  Council 
felt  a  strong  opinion  upon  any  matter,  it  was  his  duty,  as  well  as  his 
privilege,  to  move  the  amendment. 
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I  have  had  an  opjHrr&ninr  f.T  ?cir:*e  r«ir^  ct  i-x^«r."^  'Vr.x'^ — ^ 
al>oot  what  has  been  §f.:r:sr  oc  ™  t^-i^*  rructir^  irvi  I  >yty  wrr-oct 
hesitation,  or  without  fear  cc  circr"j*ixt:>:c! — N:vrA-:>*c  1  oo  cc<  AttJich 
the  slightest  weight  to  wh&:  hjc>  fiIJ<;3  frcci  Mr.  HAZi-::>^ad  oc  the 
point — that  the  present  po>;::ra  cf  rbe  ekctrxral  iod^^strx  ct  the  cvxmtrv 
is  largely  doe  to  the  unreaiCGibte  di^Scmltje*  pc5  in  the  way  ot  it> 
progress  by  local  authcrities^  I  shjujd  »:«  hjiTv  d:>025:>ed  the  niAtttr 
from  this  point  of  view  if  it  had  dcc  Net^  f .-^  the  rercirts  nuKle  bv  the 
last  speaker.  He  has  chosen  tc  pet  it  forward  :  and  do  ene  can  deny 
that  our  backwardness  b  almest  ennrehr  dse  to  thotse  difficultie:^  1 
agree  that  Parliament  also  is  partlv  respoosibie.  bet  it  ma<l  be  knv^wn 
to  members  here  to-night  that  the  local  acthcnties  havi?  i^>ne  further 
than  acting  merely  within  their  own  districts  as  regards  w^hat  ought  to 
be  the  welfare  of  those  districts,  and  have  entered  into  such  an  alliance 
as  ought  not  to  be  permitted,  and  have  put  great  pressure  upon 
Members  of  Parliament,  when  matters  of  this  sort  have  come  before 
Parliament  for  discussion.  I  am  not  an  electrical  engineer,  but  I  do 
know  this,  that  it  is  essential  for  an  industrv  of  this  kind  that  there 
should  be  a\*ailable  to  c\*ery  manufacturer  throughout  the  country*  a 
supply  of  cheap  power,  a\*ailable  to  him  at  all  times  of  the  day  and 
night,  at  rates  which  will  enable  liim  to  compete  with  his  foreign 
competitor.  Why  is  not  that  here  to-day  ?  It  is  not  because  gentle- 
men have  not  the  means  at  their  disposal,  and  have  not  taken  steps 
to  obtain  those  pow^ers.  Every  effort  has  been  made,  and  what  has 
been  the  bugbear  to  istop  it  ?  The  local  authorities.  Look  at  what 
happ>ened  at  the  second  reading  of  the  Power  Bills  last  session. 
\\'hat  is  the  desire  of  engineers  here  ?  It  is,  I  submit,  that  electrical 
engineering  should  have  fair  play,  free  play,  and  that  schemes  should 
be  discussed  on  their  merits.  If  the  local  authorities  will  agree  to  that 
proposition,  instead  of  private  companies  only  having  a  total  capital  of 
1 1  millions  out  of  25  millions  invested  in  such  enterprises,  we  shall  have 
a  total  of  more  like  250  millions.  I  am  astonished  at  any  one  in  tlie 
position  which  Mr.  Hammond  holds  sa3nng  that  14  millions  spent  by 
local  authorities  in  this  country  is  a  large  sum.  It  is  an  extremely  small 
and  insignificant  sum,  and  one  which  makes  the  traders  of  this  country 
ashamed  of  the  position  which  they  hold  in  the  world.  I  do  feel  very 
strongly  that  we  are  here  dealing  with  a  question  of  the  utmost 
importance.  I  do  trust  the  Institution  will  put  forward,  as  the  word 
which  shoulil  go  forth  to  all  parties  in  the  matter,  their  opinion  that 
the  trade  should  have  free  play.  Let  the  traders  have  a  right  to  Imvo 
their  schemes  discussed  upon  merits,  and  abolish  the  veto  which  un- 
reasonably and  improperly  has  been  given  to  ]ocal  authorities  to  pre- 
vent that  being  done. 

Mr.  G.  L.  Addenbrooke  :  It  is  rather  difficult  to  speak  at  this  slu^t*  j^i^  ^,^,j^,^ 
of  the  discussion.  After  having  had,  I  think,  almost  as  long  an  cxpiM  \*  •"•"•^» 
ence  as  any  one  of  work  on  these  large  power  schemes,  1  may  wiy  I 
am  very  largely  in  agreement  with  Mr.  Hammond,  at  any  rate  an 
regards  his  facts.  The  only  thing  is,  1  think  he  has  drawn  the  wm»ii(^ 
inference  from  them.  It  must  also  be  pomted  out  that  Mr.  Haniindnd 
was  discussing  electric  lighting  altogether  as  if  electric  power  luul  only 


M8     MADGEN:   ELECTRFCAL   POWER  BILLS  OF  1900:     rFeb.28ih 

Ik. 

Mr.  Adden.  just  comc  in.  But  clcctric  power  has  been  applied  on  the  Continent 
^^  **  and  in  America  for  seven  or  eight  years  now,  whereas  we  have  practically 
done  nothing  in  this  country.  We  are  not  discussing  electric  lighting 
at  all.  I  quite  agree  with  Mr.  Hammond  that  English  electric  lighting 
has  had  enormous  obstacles  to  overcome:  but  whether  the  munid- 
palities  have  overcome  it  better  than  the  companies  would  have  done 
is  another  matter.  I  agree  with  Mr.  Morse  that  if  private  enterprise 
had  been  conducted  under  proper  regulations,  which  might  have  been 
drawn  up,  it  would  have  advanced  a  great  deal  further  than  it  has  done. 
Mr.  Pember  told  me  some  three  years  ago,  that  he  was  confident  proper 
regulations,  which  would  put  private  enterprise  and  municipal  interests 
on  a  fair  basis  could  be  arranged.  If  such  an  Act  had  been  passed  in 
the  early  days  instead  of  the  Electric  Lighting  Act,  we  should  have  had 
far  more  than  ;£25,ooo,ooo  invested  in  enterprise  connected  with  electrical 
industries.  The  way  in  which  electrical  enterprise  has  been  trammelled 
lias  been  shown  by  these  Power  Bills.  Notwithstanding,  as  Mr. 
Hammond  says,  that  they  may  be  very  speculative  enterprises — as 
undoubtedly  they  are  from  many  points  of  view — ^and  there  are 
enormous  difficulties  to  be  faced  in  the  way  of  dealing  with  local 
authorities — ^\'et  the  moment  there  was  an  opening,  English  capital  has 
been  ready  to  embark  on  the  venture.  I  have  made  a  rough  calculation 
that  by  the  end  of  this  session,  more  than  ^£100,000  will  have  been 
spent  merely  in  the  promotion  of  those  Bills.  It  is  perfectly  true,  as 
Mr.  Hammond  says,  that  you  may  go  to  Germany  and  Switzerland  and 
find  things  existing  as  he  told  you.  I  have  made  many  careful  inquiries 
as  to  their  power  schemes.  When  I  was  engaged  on  the  Midland 
Power  Scheme,  I  was  asked  to  go  abroad  to  report  on  the  Continental 
work  which  would  bear  on  it.  I  first  of  all  met  Mr.  Kapp  in  Gerraany 
and  talked  the  matter  over  with  him,  and  afterwards,  by  his  advice, 
went  to  certain  places  in  Germany  and  Switzerland.  I  showed  the 
various  people  the  plans  of  what  we  proposed  to  do ;  I  showed  them  to 
Messrs.  Brown  Boveri,  and  to  the  OerHkon  people,  and  said  I  wanted  to 
carry  out  a  project  of  this  sort,  without  overhead  wires,  but  with  cables, 
and  asked  what  they  had  to  show  me  that  was  most  like  this.  I  may 
say  that  there  was  a  great  deal  of  difficulty  in  showing  me  exactly  the 
same  thing.  It  has  always  been  my  feeling  from  the  very  first  that 
conditions  in  England  are  different  from  those  on  the  Continent,  and 
in  America — that  in  these  Power  Bills  we  were  meeting  a  set  of  local 
conditions,  and  a  problem  of  our  own,  and  that  if  we  met  that  problem 
as  I  feel  confident  we  are  now  meeting  it,  we  should  be  in  the  front 
rank  again  of  enterprise  and  in  the  benefit  which  w*e  should  confer  on 
the  country.  Mr.  Hammond,  therefore,  is  right  that  this  is  a  difficulty. 
You  may  see  hundreds  of  waterfalls  here  and  there  with  a  local  line  0^ 
transmission  ;  but  only  at  Rheinfelden  and  one  or  two  other  places  did 
1  see  that  kind  of  scheme  which  we  are  trying  to  work  out  of  having 
large  power  stations  in  the  centre,  and  a  large  industrial  |X>pulatioa 
round  about  it.  That  is  an  English  proposition.  It  naturally  follows, 
that  if  you  can  supply  power  to  one  portion  of  the  circle,  you  can 
supply  it  all  round!  I  should  have  thought  the  proposition  was 
self-evident.     Mr.  Hammond  was  right  in  saying  that  we  have  an 
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individual  problem.    Wc  ought  to  be  proud  that  we  have  something  to   Mr.  Adden 
do  with  it.    It  would  be  a  grand  thing  if  local  authorities  and  Parlia-   **'^'^^- 
ment  would  help  those  who  are  trying  to  place  England  again  in  a 
good   position  in  the  manufacturing    world.     With    regard   to    the 
questions  which  Mr.  Hammond  mentioned  as  suitable  for  discussion  by 
the  Institution,  they  are  of  course  most  important  questions.  I  have  spent 
^•cars  upon  them,  and  my  feeling  about  these  power  schemes,  is  that 
every  one  must  be  considered  on  its  own  merits.    They  are  great 
undertakings,  most  complicated,  with  varying  conditions,  depending 
on  numberless  circumstances  which  you  cannot  treat  generally.    All 
you  can  do  is  to  secure  a  body  of  men  who  have,  or  who  ought  to 
have,  a  knowledge  of  their  profession,  and  who,  in  consultation  say 
this  ought  to  succeed,  and  who  then,  like  Englishmen  in  the  old  days, 
put  down  their  work  and  their  money  and  tried  to  make  the  thing  go. 
That  is  the  way  in  which  this  country  has  been  built  up,  and  unless 
the  local  authorities  can  see  absolute  detriment  to  themselves,  or  that 
the  w*ork  that  is  to  be  done  by  the  public  companies  is  an  absolute 
disadvantage  to  them,  a  free  hand  as  far  as  possible  should  be  allowed. 
Wc  do  not  want  monopoly.    We  are  perfectly  prepared  for  the  local 
authorities  to  set  up  their  own  electric-lighting  stations  and  run  their 
own  mains  into  all  our  customers'  houses  if  they  like.    I  do  not  agree 
with  everything  that  is  done  by  those  promoting  power-schemes  ;  but 
those  who  have  gone  into  the  question  feel  confident  that  the  principle 
on'  which  they  are  working  is  to  a  large  extent  right.     Even  if  it  is 
\(Tong,  if  people  are  willing  to  stake  their  money  on  it  I  do  not  think  it 
is  the  business  of  anybody  else  to  say  that  they  shall  not,  if  by  doing 
M>  they  confer,  as  undoubtedly  they  would,  an  enormous  benefit  on  the 
district.     If  they  choose  to  throw  their  money  away  on  the  district, 
that  is  tlieir.  concern. 

I  have  travelled  a  great  deal  in  the  Colonies  and  about  different 
parts  of  the  world,  and  I  am  certain  of  the  wonderful  development 
wtiich  will  take  place  due  to  this  power  work.  I  could  tell  you  stories, 
if  there  were  time,  of  the  difficulties  of  transport  and  other  matters 
which  can  be  got  over  by  electric  transmission.  W^e  are  not  permitted 
to  have  any  opportunities  of  true  electric  transmission  in  this  country. 
W*e  are  so  hampered  by  conditions  that  any  scheme  carried  out  in  this 
country  would  not  be  anything  like  electrical  transmission  of  power 
in  other  parts  of  the  world.  People  come  from  different  parts  of  the 
world,  and  say  they  want  so  and  so,  and  ask  what  we  can  do  ?  We 
have  nothing  that  we  can  show  them  here,  but  are  obliged  to  refer  to 
some  American  or  German  account  of  a  scheme  that  has  been  carried 
out  abroad.  That  is  the  position  I  have  been  placed  in  in  working  for 
Australia  and  Africa;  and. I  myself  have  had  to  go  to  America  and 
Germany  for  the  materials  with  which  to  carry  out  the  work. 

Mr.  E.  Garcke  :  The  great  difficulty  in  discussing  questions  of  this  Mr.  Garckr. 
complexity  always  is  to  find  people  who  have  sufficient  versatility  of 
experience  to  take  a  fair-minded  view.  I  was  exceedingly  disappointed, 
therefore,  to  hear  the  speech  of  Mr.  Hammond,  because  if  any  gentle- 
man in  this  room  has  bad  a  varied  exf>erience  of  this  industry  it  is  Mr. 
Hammond.     I  had  hoped  that  the  very  large  and  varied  experience 
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Mr.  Garcke.    which  Mr.  Hammond  had  gained  in  so  many  different  branches  of 
industry  would  have  enabled  him  to  give  us  the  benefit  of  a  fair-minded 
view  of  this  very  difficult  and  complex  question.    What  did  he  do: 
He  started   off   by  pointing  out  that  Mr.  Madgen  had  offered  four 
particular    reasons    why  this  industry  was    more  backward   in  this 
country   than  in   foreign  countries,  and  he  promised  to  give  us  an 
answer  to  each.     It  is  true  he  only  had  ten  minutes,  but  he  confined 
himself  to  answering  only  the  first  of  his  propositions,  and'  in  attempt- 
ing   to    answer   that   he   offered   explanations  which    I    hold   to    be 
misleading  to  the  younger  members  of  this  Institution.      They  were 
not  so  to  me,  nor  to  Mr.  Morse,  nor,  I  am  sure,  were  they  so  to  his 
fellow-members  on  the  Council,  but  to  a  large  number  of  stadentSs 
the  rising  generation   of  this   important  industry,  I  think  that   Mr. 
Hammond   might  have   rendered  this   industry  and  this    Institution 
a  higher  and  a  better  service.     What  did  he  say  ?    He  wanted  us  to 
understand  that  the  Corporations  had  been  customers  of  the  electrical 
industry  to  the  extent  of  fourteen  millions,  and  implied  that,  if  the 
Corporations  had  not  expended  that  capital,  that  capital  would  never 
have  been  expended.     Why  should  we  owe  any  debt  of  gratitude  to 
local  authorities  for  that  capital   when,  as  a  matter  of  fact,    we,  as 
capitalists,  were  prepared  to  spend  that  Capital,  and  would  have  spent 
it  five  or  six  years  earlier  ?    It  is  not  simply  the  amount  of  capital  that 
they  have  expended,  but  it  is  the  tardy  and  vacillating  manner  in 
which  they  have  proceeded  with  the  work.     I  do  not  wish  to  enter 
upon  the  question  of  municipalisation,  for  and  against,  it  is  not  germane 
to  the  discussion  ;  but  there  is  one  very  important  aspect  which  ought 
to  be  mentioned  whenever  the  question  of  municipalisation  is  touched 
upon.    And  having  said  the  few  words  on  the  subject  that  I  have  said, 
I  must  not  sit  down  without  saying  in  the  most  forcible  lacnguage  that 
I  can  use,  that  I  am  strongly  in  favour  of  municipal  enterprise,  and 
always  have  been.     I  advocate  the  higher  development  of  the  muni- 
cipal function.     I  think  it  is  the  duty  of  ratepayers  in  their  collective 
capacity  to  do  whatever  they  can  for  the  promotion  of  the   health. 
the  happiness,  and  the  material  comforts  of  their  districts,  but  I  say  it 
is  not  one  of  the  functions  of  municipalities  or  of  local  government 
to  effect  a  transfer  of  the  profits  of  trade  from  private  companies  to 
the    collective   capacity   of    local   authorities.    The   function   of   the 
Government  is  an  entirely  different  one.     If  once  we  ignore   this,  I 
rhay  say,  elementary  economic  principle  of  expecting  the  whole  of 
our  trading  profits  to  be  made  by  municipalities,  and  allow  the  local 
authorities  to  become  the  common  traders  of  this  country,  there  will 
very  soon  be  a  limit  to  all  enterprise.     I  repeat  again,  that  I  express 
that  view  in  opposition  to  municipal  trading,  notwithstanding  that  I  am 
a  most  ardent  and  consistent  advocate  of  municipal  enterprise.     I  hope 
I  have  made  the  distinction  between  those  two  phrases  perfectly  clear. 
What  did  Mr.  Hammond  say  about  the  real  reason  why  electric 
lighting  had  not  developed  more  quickly  in  this  country  ?    The  price 
of  gas  ! — The  price  of  gas  was  so  low  that  electricity  could  not  compete 
with  it.    Are  not  the  millions  of  electric  lamps  that  have  already  been 
installed  competing  with  cheap  gas  ? 
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Mr.  Hammond  :    I   meant  as  compared  with  the  price  :    I  quite 
approve  of  the  competition. 

Mr.  Garcke  :     If  I  had  the  time  I  would  undertake  to  refute  the 
statement  that  gas  has  been  any  obstacle  to  the  introduction  of  electric 
light.     I  remember  Sir  William  Preece  saying  that  the  electric  light 
was  capable  of  being  made  the  poor  man's  light,  and  I  have  preached 
that  doctrine  throughout  the  country,  and  I  have  heard  Mr.  Hammond 
do  the  same,  and  yet  we  are  told  that  the  low  price  of  gas  is  a  pre- 
ventative to  the  development  of  the  electric  light.    I  say  it  is  a  most 
misleading  statement.    Then  another  argument  that  Mr.  Hammond 
used  was,  that  Corporations  had  supplied  electric  light  at  a  lower  rate 
than  Companies.    But  the  whole  of  my  argument  is,  that  if  Corpora- 
tions undertake  to  supply  electric  light  at  all  they  should  do  it  in  the 
common  interests  of  the  community,  and  do  so,  if  the  ratepayers  wish 
it,  for  nothing. 

That  is  the  ideal  development  of  municipal  enterprise,  and  therefore, 
the  lower  they  go  down  in  the  price  of  electricity  the  better  they  are 
doing  their  work.  It  is  on  those  grounds  that  I  say  municipalities  are 
able  to  carry  out  many  of  these  public  services  better  than  companies. 
But  there  is  a  period  in  every  industry,  and  we  have  gone  through  it  in 
the  electrical  industry,  when  local  authorities  are  not  able  to  take  up 
the  speculative  risks  of  entering  upon  a  new  industry,  and  during  that 
period  it  has  to  be  undertaken  by  private  enterprise.  Private  enterprise 
should,  while  it  undertakes  these  risks,  be  encouraged,  and  not,  as  has 
been  the  case  in  this  country,  discouraged  by  the  local  authorities. 
Then  Mr.  Hammond  referred  to  the  Continent.  But  he  did  not  tell 
you  how  the  local  authorities  behave  in  that  country  towards  private 
enterprise.  There  is  absolutely  no  discouragement  of  private  enter- 
prise, notwithstanding  that  there  is  municipal  enterprise. 

The  paper  which  we  are  discussing  is  an  exceedingly  interesting 
one,  and  the  questions  which  it  contains  as  to  why  England  is  back- 
ward in  electrical  industry — that  it  is  backward  I  do  not  think  there 
can  be  any  possible  doubt — but  the  reasons  why  it  is,  are  due  to  a 
plurality  of  causes,  and  it  is  very  difficult  indeed  in  the  course  of  a  few 
minutes  to  refer  to  all  the  social,  political,  and  enconomical  reasons 
which  go  to  make  up  the  causes  for  the  backwardness  of  the  country. 

Professor  W.  E.  Ayrton  :  On  the  last  occasion  some  of  the 
speakers  prefaced  their  remarks  by  saying:  *^ Although  this  Institution 
is  a  scientific  Society,"  &c.  I  should  start  quite  differently,  and  not  say 
"  although,"  but  "  because  this  Institution  is  a  scientific  Society,  there- 
fore the  paper  which  Mr.  Madgen  has  contributed  is  one  well  worthy 
of  our  most  careful  consideration."  For  it  is  a  great  mistake  to  imagine 
that  the  science  of  electrical  engineering  is  alone  concerned  with 
formulas  or  equations,  or  with  Ohm's  or  Kirschoff  s  law,  or  at  the  best 
with  electrical  experiments  in  a  laboratory.  I  take  it  that  the  science 
of  electrical  engineering  comprises  the  application  of  correct  reasoning 
to  all  that  appertains  to  the  professional  welfare  of  the  electrical  engineer. 
But,  mind,  I  said  the  application  of  correct  reasoning.  For  it  is  just  as 
easy  to  reason  wrongly  about  a  Power  Bill,  as  about  the  power  used  in 
dielectric  hysteresis.  It  appeared,  I  venture  to  think,  that  there  was 
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Awton^  a  certain  obscurity  of  logic  characterising  the  eloquent  s|>eeches  that 
we  heard  last  Thursday,  when  it  was  endeavoured  to  be  proved  that 
the  electric  backwardness  of  our  country  arose  wholly  from  local 
obstruction — the  obstruction  of  local  authorities.  Now,  I  propose  to 
inquire  if  that  charge  is  well  founded.  I  am  not  here  in  any  sen*ie 
as  a  champion  of  officialism,  and  nobody  has  been  more  anxious 
for  a  long  time  'past  than  I  have  been  to  see  a  wide  development 
of  electrical  transmission  of  power.  But  there  is  no  reason  why, 
because  the  almost  Utopian  dream  that  I  and  others  suggested  in 
1879,  and  put  twenty-two  years  ago  before  some  thousands  of  work- 
men in  Sheffield — a  dream  that  "  each  workman  would  have  electrical 
energ>'  laid  on  at  his  hand,  would  have  transmitted  to  him,  just  at 
the  time  he  might  require  it,  a  small  amount  of  energy,  at  say  a 
halfpenny  per  hour  per  horse-power,"  which  he  would  be  able  to  turn 
off  like  gas  when  he  did  not  require  it — has  not  yet  been  realised,  that 
we  should  bUnd  ourselves  to  the  real  cause  of  our  position.  Let  as  take 
as  an  example  the  Metropohtan  Railway,  some  considerable  portion  of 
which  I  saw  being  constructed  nearly  forty  years  ago.  Why  are  the 
trains  not  being  run  by  electricity  ?  Is  it  because  of  some  restrictioa 
imposed  ?  Is  not  the  stagnation  rather  due  to  the  lethargy  of  the  chair- 
man and  directors  of  a  private  company,  the  sort  of  company  that  we 
were  assured  last  Thursday  would  rejuvenate  Great  Britain  ?  Why, 
the  Bill  to  sanction  running  the  Inner  Circle  electrically  became  an 
Act  of  Parliament  four  years  ago — and  yet,  and  yet !  Now  take 
another  example — they  are  endless.  Going  the  other  day  through  a 
large  electrical  engineering  works,  I  saw  being  made  the  iron  cores  of 
field  magnets.  They  were  being  made  from  cast-steel  obtained  from 
Germany,  and  were  being  tooled  by  machinery  obtained  from  America. 
Was  that  because  of  some  restriction  by  some  local  authority  ?  Was  it 
not  because  the  owner  of  that  factory  in  England  thought,  rightly  or 
wrongly,  that  he  could  get  better  cast-steel  for  field  magnets  in 
Gcrnianv,  and  better  machines  to  work  it  with  in  America  than  he 
could  in  his  own  country  ?  Coming  to  this  question  of  distribution  of 
electrical  power,  I  ask  you.  Is  it  a  fact  that  in  those  districts  which 
are  under  the  control  of  a  Municipality  electric  energy  is  always 
dear,  and  in  other  places,  where  private  companies  rule,  that  it  is 
cheap  ?  Mr.  Swinton  asks  me  what  that  has  to  do  with  it.  I  will  take 
an  example,  because  examples  are  very  valuable.  A  certain  local 
authority  wished  to  light  its  own  borough  electrically — a  small  borough. 
They  got  out  plans  for  a  boiler-house,  engines,  dynamos,  etc  But 
within  two  and  three-quarter  miles  of  the  boundary  of  their  district  a 
very  large  generating  station  was  being  put  up  by  a  very  important 
private  company.  This  seemed  to  me  a  favourable  opportunity  to 
carry  out  the  idea  of  transmission  of  electrical  energy.  So  when  1  ^-as 
consulted,  I  suggested  to  the  local  authority,  not  to  lay  the  foundation- 
stone  of  a  central  station,  but  to  let  mc  arrange  for  them  with  the 
great  central  station,  one  hundred  times  as  big  as  theirs  could  be,  to 
send  the  electrical  energy  "  in  bulk  "  (as  it  was  called)  to  the  boundary 
of  their  district.  The  Local  Authority  accepted  my  advice,  and  asked 
mc  to  carry  out  the  negotiations  !    There  was  no  difficulty  about  way- 
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leaves ;  there  was  no  difficulty  of  any  kind  ;  all  of  us  were  the  most  fji^'^'^ 
excellent  friends.  I  informed  the  private  company  that  they  might 
use  any  system  of  transmission  they  liked,  either  one,  two,  or  three 
phase,  and  transmit  at  any  pressure  they  wished,  the  only  stipulation 
was  that  at  the  boundary  of  the  district  they  should  transform  it  into 
two  hundred  volts  direct  current.  Only  a  small  amount  was  required 
to  start  with— some  500  H.P.  Still,  as  we  only  wanted  it  at  one  place, 
and  the  local  authority  was  to  do  all  the  distribution  and  the  collection 
of  the  bills  for  electric  lighting,  as  far  as  the  private  company  was 
concerned  it  was  exactly  as  if  the  local  authority  was  a  factory  requiring 
500  H.P.  at  one  particular  place.  What  was  the  result  ?  It  was  not 
a  question  of  want  of  legal  power.  The  Company  said  that  they  had 
gone  into  the  question  carefully,  and  frankly  assured  me  that  even  if 
we  made  a  contract  for  ten  years  to  take  the  whole  supply  of  energy 
that  the  local  authority  might  require,  whatever  it  should  grow  to,  they 
could  not  undertake  to  deliver  it  to  us  at  the  boundary  of  our  district 
at  under  3d.  a  Board  of  Trade  unit.  Of  course  we  replied  that  we 
could  not  take  the  current,  because  it  was  cheaper  to  cart  coal  into 
the  district  and  put  up  a  generating  station.  That  leads  me  to  the 
very  important  question  of  the  relative  cost  of  carting  coal  and  trans- 
mitting the  energy  through  cables.  With  water-power  it  is  quite 
diflferent.  In  a  place  where  there  is  no  coal,  and  there  is  water- 
power,  you  can  only  transmit  power,  if  you  want  to  use  that  power, 
by  the  use  of  electrical*  methods  or  other  methods,  such  as  com- 
pressed air,  or  whatever  you  like.  For  it  is  hopeless  to  carry  the 
water  in  waggons  as  the  Great  Eastern  Railway  brings  sea-water, 
because  if  you  do  so  you  leave  tlie  energy  behind.  But  in  the  case  of 
coal,  there  is  another  way  of  transmitting  energy,  and  that  is  in 
waggons.  I  won't  trouble  you  with  figures,  but  I  have  got  wholesale 
estimates,  tenders,  for  the  carriage  of  coal  from  all  parts  of  this  country 
to  other  parts,  and  speaking  as  an  electrical  engineer  I  am  extremely 
sorry  to  see  the  prices  come  out  so  low.  It  seems  to  be  a  fact  that  it  is 
cheaper  to  carry  the  coal  than  to  transmit  the  energy  electrically,  for 
say  twenty  miles,  if  underground  cables  and  a  maximum  P.D.  of  10,000 
volts  are  allowable. 

Mr.  C.  B.  Clay  :  I  am  told  I  am  a  bold  man  to  speak  at  this  Institution,  Mr.  ciay. 
especially  on  a  subject  on  which  I  am  afraid  I  am  not  as  well  qualified 
to  speak  as  most  members ;  but  I  think  that  the  experience  that  has 
been  obtained  in  one  branch  of  the  electrical  profession  may  be  worth 
recording  in  a  meeting  such  as  this.  At  the  last  meeting  of  the  Institu- 
tion the  position  of  the  electrical  profession  with  regard  to  legislation 
and  to  municipal  competition  and  obstruction  was  dealt  with  by  several 
speakers.  First,  with  regard  to  Government  obstructions,  I  should  like 
to  read  two  or  three  short  extracts  from  an  article  which  appeared  in 
the  Times  of  the  13th  of  June,  1884.  and  to  call  your  attention  specially 
to  the  moral  which  is  drawn  by  the  writer  at  the  end  of  this  leading 
article.  The  Times  says  :  "  It  appears  .  .  .  that  the  action  of  the  Post 
Office  has  been  so  directed  as  to  throw  every  possible  difficulty  in  the 
way  of  the  development  of  the  telephone  and  of  its  constant  employ- 
ment by  the  public.     We  say  advisedly  'every  possible  difficulty, 
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Mr.  day.  bccause  the  regulations  under  which  licences  have  been  granted  to 
the  telephone  companies  are,  in  many  respects,  as  completely  pro- 
hibitory as  an  absolute  refusal  of  them.  ...  It  appears  that  the 
telephones  can  only  be  used  under  restrictions  which  arc  as  absurd 
as  they  are  vexatious."  And,  further  on,  it  says  :  *'  The  conduct  erf  the 
Office,  although  not  legally  dishonest,  is  at  least  morally  indefen>iblc. 
There  can  be  no  just  ground  for  a  claim  to  possess  the  telephone  by 
virtue  of  words  introduced  into  an  Act  of  Parliament  before  the 
telephone  was  thought  of ;  and  the  effects  of  this  claim  are  nearly  as 
disastrous  to  the  public  as  to  the  inventors  and  owners  of  the  instru- 
ments. .  .  .  It  is  much  to  be  wished  that  Parliament  could  find  time  to 
liberate  the  telejihone  from  the  bonds  of  red  tape  in  which  it  is  b«ng 
strangled,  and  to  allow  its  future  to  be  shaped  by  the  operation  of  the 
ordinary  laws  of  political  economy.  In  the  meanwhile,  and  even  when 
this  desirable  release  has  been  effected,  it  will  be  prudent  not  to  lose 
sight  of  the  moral  of  the  story.  This  is,  if  an^'thing,  that  the  practical 
applications  of  science  cannot  be  safely  or  prosperously  committed  to 
the  hands  of  a  Government  framed  upon  the  model  of  our  own."  Mr. 
Ra worth  pointed  out  at  the  last  meeting  that  companies  had  nothing 
whatever  to  fear  from  municipal  competition  on  equal  terms,  I  cordially 
agree  with  that.  I  have  been  fighting  the  opposition  for  many  year>, 
and  I  have  never  yet  been  beaten  on  equal  terms,  and  I  have  never 
been  beaten  on  unequal  terms — very  unequal  terms  in  many  cases. 
The  whole  point  of  the  matter  is  thus  equality.  I  propose  to  show 
that  the  same  spirit  which  prevailed  sixteen  years  ago,  when  thi> 
article  was  UTittcn,  appears  to  be  ruling  our  Government  now.  The 
history  of  the  telephone  branch  of  electrical  engineering  is  a  history 
of  one  long  fight  by  the  companies  to  be  allowed  to  ser\*e  the  pubUc. 
In  looking  over  some  old  papers,  it  seemed  to  me  almost  impossible  to 
believe  that  at  one  time  we  were  allowed  to  open  call-offices  at  which 
a  member  of  the  public  might  go  to  speak  to  any  subscriber,  but  one 
of  the  conditions  on  which  we  were  allowed  to  do  that  was  that  we 
must  charge  a  shiUing,  of  which  one-half  was  to  go  to  the  Govermnent 
It  is  needless  to  say  what  was  the  result  of  that.  Then  another  thing 
with  regard  to  trunk- working,  communication  over  the  tnmk- wires  was 
only  allowed  to  subscribers  at  both  ends,  and  then  each  must  be  a 
subscriber  to  the  trunk-wire.  For  instance,  taking  from  London  to 
Brighton,  a  distance  of  about  fifty  miles,  the  charge  fixed  by  the 
Department  was  £2^ ;  the  subscribers  in  London  paid  £20  and  the 
subscribers  in  Brighton  ;^i2.  Therefore,  to  have  any  useful  communi- 
cation between  Brighton  and  London,  the  subscribers  between  them 
had  to  pay  £^2 — a  rental  of  no  less  than  ten  shillings  for  each  mile 
of  wire.  Then  the  company  wanted  to  connect  up  post-offices,  so 
that  subscribers  could  forward  telegrams.  The  Post  Office,  how*ever, 
although  they  gave  this  facility  to  their  own  subscribers  free,  imposed 
a  charge  upon  the  company  of  laxc  guineas  per  subscriber,  which  of 
course  killed  the  business.  This  charge  was  eventually  done  away  with, 
and  for  some  years  connection  with  post-offices  was  allowed.  It  has 
very  recently  been  refused  in  the  case  of  one  of  the  London  Exchanges, 
so  that  the  subscribers  are  not  allowed  the  facility  on  any  tenns.    With 
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reference  to  the  competition  with  the  companies,  Mr.  Fawcett  stated  :  ^^'  ^lay. 
"  When  that  competition  has  gone  on  for  some  time,  the  Government 
would  be  able  to  judge  who  did  the  telephone  business  best.  If  it  were 
done  better  by  the  private  companies  than  by  the  Post  Office,  the 
Department  would  be  delighted  to  have  the  whole  telephone  business 
of  the  country  conducted  by  private  enterprise.  If,  on  the  other  hand, 
it  was  proved  that  the  business  was  better  done  by  the  Government 
than  by  the  private  companies,  the  Government  would  have  beaten 
the  companies  in  the  fair  field  of  competition  and  they  could  keep  the 
ground  without  any  question  of  purchase  arising."  I  need  not  ask 
any  one  to  say  whether,  during  the  fifteen  or  sixteen  years  since  then, 
the  company  or  the  Government  has  succeeded.  I  think  it  is  pretty 
obvious. 

General  Webber  :  May  I  interrupt  on  a  point  of  order  ?  The  Gtii?r»i 
gentleman  is  speaking  to  something  which  is  outside  the  paper  that 
we  are  discussing.  It  is  painful  to  me  to  sit  and  listen  to  statements 
on  the  question  of  the  telephone  industry  in  this  country,  every  one 
of  which  I  think  I'  could  refute.  Therefore  I  ask  as  a  point  of  order 
that  the  speaker,  for  whom  I. have  the  greatest  respect,  be  asked  to 
adhere  to  the  subject  of  the  paper. 

Mr.  Clay  :  I  think  the  title  of  the  paper  is  a  very  wide  one.  It  is  Mr.  ciay. 
"  Before  and  After."  I  am  dealing  with  the  "  Before."  I  submit  that 
this  is  a  case  of  a  branch  of  the  electric  industry  which  is  being 
hampered  in  a  way  in  which  it  ought  not  to  be  hampered  ;  and  I  think, 
in  giving  you  certain  information  which  cannot  be  at  the  disposal  of 
many  of  the  members,  it  may  be  useful  and  borne  in  mind  in  dealing 
with  a  similar  problem  connected  with  other  branches  of  the  profession. 

I  have  told  you  that  some  years  ago  the  Post  Office  allowed  us 
to  give  our  subscribers  connection  with  the  telegraph  offices,  so  that 
they  could  deliver  their  messages.  Now,  within  the  last  week  or  two, 
we  are  refused  the  facility  for  one  of  our  exchanges.  We  were  allowed 
to  have  it  on  payment  of  five  guineas  before ;  we  are  not  allowed  to 
have  it  on  any  terms  now.  Also,  the  facilities  which  subscribers 
enjoyed,  and  which  some  of  them  very  much  appreciated,  of  telegrams 
being  transmitted  to  them,  is  now  withdrawn  from  new  subscribers. 
If  the  telephones  were  fully  developed,  surely  telephones  in  connection 
with  express  messages  would  be  a  most  valuable  facility  to  everybody  ; 
but  the  companies  are,  of  course,  restricted  from  doing  the  business. 
The  Post  Office  undertakes  to  do  this  business  itself ;  but  what  does 
it  do?  It  provides  in  London  something  like  thirty-two  places  from 
which  express  messages  can  be  sent.  Under  those  conditions  it  is 
absolutely  hopeless.  If  anyt>ody  wants  to  send  an  express  message, 
he  has  to  ascertain  if  the  address  he  wants  is  within  a  mile  of  one  of 
the  post-offices.  With  regard  to  the  veto  of  municipal  authorities.  In 
London,  the  County  Council  has  the  power  to  allow  the  company  to 
place  their  wires  underground.  Some  few  years  ago  the  company 
entered  into  an  agreement  with  the  County  Council,  and  a  resolution 
was  passed  by  the  Council  enabling  the  company  to  place  their  wires 
underground.  Nothing  remained  to  be  done  but  to  put  the  terms  into 
a  formal  agreement,  and  then  the  work  would  be  completed.      The 
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isr.cbj.  County  Council  kept  the  company  waiting  a  year,  and  when  they 
submitted  the  formal  agreement  they  put  in  two  absolutdv  new  claoses 
which  had  never  been  mentioned  before.  Consequently  the  cconpany 
were  unable  to  accept  them,  with  the  result  that  now  tho^  is 
comparatively  only  a  small  amount  of  undergroimd  work  in  the  County 
of  London.  That  is  a  result  which  I  say  is  most  prejudicial  to  the 
interests  of  the  public.  I  would  simply  urge  on  the  Institution 
the  necessity  of  doing  ever3rthing  that  is  possible,  by  committees  or 
otherwise,  to  protect  the  profession  from  the  obstructions  of  municipal 
authorities.  So  far  as  competing  with  municipal  authorities  is  con- 
ccrned,  if  they  will  allow  competition  on  fair  terms,  1  have  nothing 
to  say.  I  will  meet  them  with  pleasure,  provided  there  is  a  fair  fight 
[Communicated] :  Two  examples  from  many  of  municipal  ob- 
struction many  be  interesting: — Underground  wires  exist  from 
Hammersmith,  etc.,  to  north  side  of  Holborn.  Local  authority 
refuse  consent  to  connect  exchange  on  other  side,  distance  not 
more  than  30  or  40  yards.  Underground  wires  exist  from  Croydon, 
Sydenham,  Bromley,  Beckenham,  Greenwich,  etc.,  etc.,  to  a  point  near 
St.  George's  Church,  Borough,  and  from  a  point  about  90  yards 
distant  to  the  City.  Authorities  refuse  to  permit  connection  under- 
ground for  this  short  distance  except  on  prohibitive  terms. 

General  C.  E.  Webber  :  This  Institution,  before  the  Parliamentary 
Committee  sat  which  passed  the  Telephone  Bill  of  1899,  d*^  ^^  very 
thing  which  the  last  speaker  suggests  they  omitted  to  do.  That  Bill 
practically  freed  the  telephone  by  enabling  the  Post  Office  to  grant 
licences  far  freer  and  far  more  in  the  interests  of  the  industry  than 
anything  I  know  of  in  connection  with  Electric  Light  Provisional 
Orders.  It  is  the  charter  of  all  those  who  wish  to  extend  the  use  of 
and  to  popularise  the  telephone  industry  in  this  country. 
Mr.  Gavey  Mr.  J.  Gavey  ;  The  debate  has,  to  ray  mind,  rather  digressed  from  the 

subject  of  the  paper,  and  I  would  not  intervene  at  this  stage  but  that 
Mr.  Clay  has  referred  to  what  I  must  consider  very  ancient  history  in 
dealing  with  the  telephone  question.  Perhaps  unconsciously,  he  has 
done  it  in  such  a  way  as  to  lead  members  of  the  Institution  to  believe  that 
the  hampering  regulations  on  the  question  of  rates  to  which  he  refers  exist 
at  the  present  moment.  Now  trunk  rates,  whatever  they  may  have 
been  in  the  very  early  days  of  the  industry,  when  we  were  all  learning 
the  business  and  before  anybody  knew  how  the  thing  was  going  to  work 
out  and  what  rates  we  could  afford  to  charge,  might  have  been  high ; 
but  for  many  years  the  Telephone  Company  have  had  an  absolutely 
free  hand  to  charge  exactly  what  they  liked.  As  an  illustration  I  may 
say  that  in  many  cases  where  the  Post  Office  was  in  opposition  to  the 
Telephone  Company  in  Provincial  districts,  they  have  gone  to  the  Post 
Office  subscribers  and  have  provided,  or  offered  to  provide,  wires  and 
telephones  free  for  considerable  periods,  in  order  to  induce  them 
0  leave  the  Post  Office  service.  I  think  in  the  face  of  that  it  is  not 
ght  for  a  member  to  come  here  and  say  the  Post  Office  has  prevented 
e  Company  from  charging  reasonable  rates,  and  that  the  Department 
is  acted  unfairly  and  has  prevented  the  public  from  receiving  a  cheap 
and  proper  telephone  service.    Again,  on  certain  other  points  it  must 
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be   borae  in  mind  that  in  acting  as  the  Post  Office  has,  it  is  really  Mr.Gavey. 

protecting  the  rights  of  the  Government  under  the  Telegraph  Acts. 

Those  Acts  were  passed  as  the  result  of  a  public  demand  pressed  on 

the  Government,  and  they  were  carried  by  Parliament  in  response 

to  those  demands.    Any  subsequent  action,  whether  the  action  of  the 

Committee  of  the  House  of  Commons,  of  the  House  of  Commons,  or  of 

the  Post  Office  itself,  is  the  result,  generally  speaking,  of  public  pressure. 

If  Mr.  Clay  or  members  of  the  Institution  will  turn  back  to  the  minutes 

of  evidence  taken  before  the  Committees  of  the  House  of  Commons, 

they  will  find  the  genefal  evidence  was  in  favour  of  the  telephones 

being  taken  over  by  the  State  ;  and,  therefore,  it  is  not  with  the  view 

of  oppressing  a  private  company  that  the  policy  complained  of  has 

been  initiated,  but  to  meet  the  demands  of  the  public. 

Col.  R.  E.  Crompton  :  I,  in  common  with  everybody,  have  not  Coionei 
only  heard  the  paper,  but  have  read  it  more  than  once  with  very  great 
interest.  I  put  this  question  to  myself  as  a  question  that  concerns 
every  one  who  has  the  interest  and  honour  of  the  electrical  engineering 
profession  at  heart  as  an  English  Engineer.  Why  arc  we  in  England 
supposed  to  be — I  say  advisedly  supposed  to  be — behind  America  and 
the  Continent  of  Europe,  in  the  development  of  electrical  engineering  ? 
The  question  is  a  very  vital  one  for  this  Institution,  comprising  as  it  docs 
practically  the  whole  of  the  members  of  our  profession  who  are  of  any 
note  or  sending.  On  reading  through  the  paper  very  carefully  I  found 
myself  in  full  sympathy  with  the  author.  I  agree  with  him,  that  it  is 
not  on  account  of  our  inefficiency  as  engineers  that  we  arc  so  behind- 
hand ;  it  is  due  to  external  causes.  And  one  of  those  causes  no  doubt 
dates  from  the  1870  Tramways  Act — an  Act  which  fettered  private 
enterprise  and  enabled  municipalities  to  compete  with  private  enterprise 
by  funds  raised  on  the  security  of  the  rates.  The  Tramways  Act  was  the 
commencement  of  the  curse  that  has  hung  over  the  country  ever  since. 
It  is  useless  for  Mr.  Hammond  to  pose  as  a  man  with  an  inconveniently 
short  memory  :  he  forgets  how,  after  the  Electric  Lighting  Act  came 
in  force,  municipal  authorities  obtained  scores  of  Provisional  Orders 
which  have  never  been  put  in  force.  The  municipal  authorities  never 
moved  until  private  enterprise  showed  them  how  electric  lighting 
could  be  made  profitable  in  this  country.  There  never  would  have 
been  fourteen  pence,  not  to  say  fourteen  millions,  put  into  it  by  the 
public  bodies,  iJf  it  had  not  been  that  a  few  of  us  got  together  private 
capital  to  show  that  we  in  England  could  do  what  they  were  already 
doing  in  America.  It  is  well  known  to  many  what  a  hard  task  that  was, 
how  the  few  thousands  that  were  got  together  in  the  early  eighties  were 
obtained  by  begging  a  few  enterprising  men  to  find  money  in  order 
to  show  that  electricity  could  be  provided  from  house  to  house. 
There  is  no  doubt  that  at  that  time  the  municipal  authorities  were  our 
enemies.  You  can  all  remember  their  stock  phrase,  "We  must  have 
control  of  our  own  streets,"  was  always  put  forward  if  we  asked  to  do 
anything  in  the  way  of  connecting  up  houses.  The  result  was  that  the 
Electric  Lighting  Act  of  1882  was  passed,  and  the  ridiculous  B.  of  T* 
licences  granted.  In  spite  of  all  these  things  we  started  a  few  private 
enterprises  for  electrical  distribution,  and  carried  them  on  to  such  a 
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cro*°^ton  pitch  that  public  pressure  was  brought  to  bear  on  the  Government. 
*  so  that  the  Act  was  altered  a  few  years  later.  As  a  prominent  actor 
in  tliosc  events,  I  think  I  can  speak  with  some  authority,  and  it 
appears  to  me  that  we  are  now  exactly  in  the  same  position  as  regards 
the  distribution  of  power  on  a  large  scale  all  over  the  country  as  we 
were  then  with  the  electric  lighting.  It  is,  as  Mr.  Hammond  very 
rightly  says,  quite  a  question  of  whether,  under  English  conditions 
of  demand  for  power,  it  can  be  made  to  pay ;  but,  if  private  enterprise 
proves  this,  will  not  the  same  thing  be  repeated  ?  Will  not  the 
municipal  authorities  hang  back  until  they  see  somebody  else  pulling 
the  chestnuts  out  of  the  fire  for  them  ?  That  is  what  they  are  trying 
to  do,  and  assuredly  they  will  then  do  everjrthing  in  their  power  to  keep 
private  capital  from  being  put  into  these  power  concerns,  just  a^ 
they  did  in  the  early  days  of  electric  lighting.  But,  in  spite  of 
them,  these  power  concerns  will  be  brought  forward,  and  in  a  few 
years  the  Local  Authorities  will  go  for  Acts  of  Parliament  to  extend 
their  districts,  so  that  they  may  be  able  to  work  big  power  schemes 
themselves.  I  am  quite  convinced  that  that  will'  be  done,  for  history 
repeats  itself.  I  have  said  enough  on  that  point,  but  I  wish  to  call 
attention  to  another  very  important  one.  There  is  no  doubt  that  the 
impression  prevails  among  the  general  public  of  England  that  we 
electrical  engineers  are  to  blame  for  the  backwardness  of  electrical 
progress  in  this  country — a  most  shameful  and  a  most  unmerited 
imputation,  when  you  consider  what  we  English  electrical  engineers 
have  done.  I  claim  for  England  a  large  share  of  the  great  things  that 
have  made  electrical  distribution  possible.  When  we  mention  Dr. 
Hopkinson,  and  remember  what  has  been  done  to  introduce  accumu- 
lators, which  were  first  made  and  used  on  a  large  scale  as  an  aid 
to  central  station  work  in  this  country  and  afterwards  copied  by  other 
countries ;  when  we  know  that  it  was  England,  through  Willans,  that 
introduced  direct-acting  high-pressure  engines,  which  made  possible 
all  early  stations  in  crowded  areas,  if  I  omit  the  multiphase  transmission 
business,  what  have  other  countries  done  that  we  have  not  done  in 
England  ?  Who  is  to  blame  for  the  fact  that  our  daily  papers  accept  the 
rubbish  that  any  American  or  German  tout  can  stuff  into  them  ?  There 
is  no  doubt  that  the  English  public,  instructed  by  its  non-technical  Press, 
thoroughly  believe  that  we  English  electrical  engineers  are  woefully 
behindhand  in  electrical  knowledge,  and  that  it  must  look  for  aid 
from  America  or  Germany  for  the  hoped-for  coming  advances  in  electrical 
progress.  I  cannot  help  feeling  that  certain  members  of  this  Institution 
who  speak  at  these  meetings  are  to  blame  for  this.  How  often  do  we 
hear  men  of  scientific  standing,  although  quite  uninstructed  in  the  real 
status  and  practical  attainments  of  our  English  electrical  manufacturers, 
hold  forth  to  us  on  their  return  from  their  outings  in  America  or  on 
the  Continent  on  our  want  of  knowledge,  and  how  necessary  it  is  for 
us  to  go  abroad  to  learn.  .This  is  pretty  hard  on  those  of  us  who  have 
studied,  from  motives  of  the  highest  self-interest,  the  very  problems  on 
which  they  pass  judgment  so  glibly.  Surely  we  who  have  the  same 
•<3ntific  attainments  and  add  to  it  a  much  fuller  knowledge  of  the 
»cal  conditions  of  our  business  and  of  the  requirements  of  our 
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customers,  and  of  the  other  factors  which  determine  the  choice  of  ?**^°°*^{q„ 
electrical  machinery  best  suited  to  our  Home  and  Colonial  trade,  are 
better  able  to  judge  of  what  is  good  for  us  than  those  who  only  glance 
at  the  matter  during  the  course  of  their  annual  holiday.  It  would  be 
well  if  such  speakers,  who  by  their  remarks  mislead  the  public  and 
thereby  do  us  English  engineers  more  harm  than  good,  would  in 
future  help  forward  the  cause  of  electrical  progress  by  dwelling  more 
forcibly  on  the  matters  so  clearly  brought  forward  by  the  author  of 
this  paper  and  which  no  one  doubts  to  be  the  principal  cause  of  our 
want  of  progress. 

Mr.  H.  Hirst  {communicated) :  Like  all  previous  speakers,  I  wish  Mr.  Hirst. 
to  congratulate  Mr.  Madgen  on  the  happy  choice  of  a  paper  which, 
judging  from  the  discussion  which  has  taken  place  so  far,  bids  fair  to 
be  the  starting-point  of  a  crusade  against  legislative  and  other  evils 
that  impede  the  natural  progress  of  cheap  electric  light  supply 
throughout  the  country.  It  struck  me,  nobody  had  disputed  we  were 
behind  other  countries.  It  seems  to  be  an  admitted  fact  that  municipal 
trading  in  electricity  supply  means  splitting  up  the  electricity  supply 
of  the  country  into  small  units,  and  is  therefore  an  agent  against  cheap 
all-round  supply  throughout  the  country. 

Various  causes  have  been  given  for  this  state  of  affairs.  Mr. 
Madgen  blames  one-sided,  grandmotherly  legislation  ;  another  speaker 
suggests  pandering  too  much  to  the  democratic  tendencies  of  the  age  ; 
Mr.  Swinton  blames  the  construction  of  the  Board  of  Trade ;  but  has 
it  occurred  to  anybody  that  a  great  portion  of  the  wrong  of  which  we 
complain  lies  with  the  electrical  engineers  themselves  ?  These  large 
schemes  —  these  Power  BiUs — can  only  be  carried  out  with  some 
measure  of  success  if  electricity  is  generated  and  transmitted  on 
principles  that  only  a  few  years  ago  were  pooh-poohed  in  this 
country  by  many  of  the  leading  electrical  men.  When  one  pointed 
to  similar  big  enterprises  on  the  Continent  or  in  America,  one  was  told 
within  these  very  walls  that  multiphase  transmission  was  not  wanted 
unless  it  be  for  the  purpose  of  utilising  water-power  which  otherwise 
would  run  to  waste.  The  idea  that  tramways  with  overhead  wires 
would  ever  get  a  start  in  this  country  was  ridiculed.  We  were  going 
to  have  nothing  unless  we  could  get  something  better.  Now,  during 
the  last  year  or  two  our  eyes  have  been  opened  to  the  fact  that  if  we 
do  not  wish  to  be  left  behind  in  the  race  we  shall  have  to  do  as  they 
did  abroad,  and  now  that  the  rush  is  coming  on  and  the  manufacturers 
of  this  country  are  scarcely  ready  to  comply  with  the  sudden  demand, 
we  forget  our  own  shortcomings  and  are  ready  to  kick  at  the  Govern- 
ment. After  all,  the  Government  takes  its  keynote  from  the  view  of 
the  most  enlightened  officials  that  we  can  put  at  its  disposal,  and  if 
these  officials  see  discord  and  disunion  amongst  the  leading  members 
of  the  profession  on  cardinal  points,  how  can  they  be  expected  to 
anticipate  the  wants  of  the  profession  ? 

If  only  electrical  engineers  had  known  a  few  years  ago  what  they 
'wanted  to-day,  as  they  do  now,  I  am  sure  means  could  have  been 
found  to  alter  the  legislation,  and  I  for  one  object  to  blame  any 
particular  Act  for  the  present  state  of  affairs.    We  all  agree  that  the 
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Mr.  Hir»t  future  industrial  prosperity  of  this  country  depends  to  a  vexy  great 
extent  on  cheap  electrical  current  In  fact,  as  the  cry  in  the  eark 
fifties  of  the  last  century,  around  which  Ministers  formed  thek  pro- 
grammes, was  for  "  cheap  bread  for  the  working  man/'  so  I  shonkl  say 
the  cry  during  the  next  £f ty  years,  around  which  politicians  will  closter 
their  parties,  can  be  very  nearly  expressed  as  "  Electricity  a  p^ony  per 
unit  through  the  country,"  or  thereabouts. 

The  success  of  every  industry,  with  scarcely  any  exceptiofi,  wiD 
depend  on  this  cheap  commodity.  To  achieve  this,  more  than  the 
alteration  of  one  or  two  Tramway  or  Lighting  Acts  will  have  to  be 
considered,  and  if  Mr.  Sellon's  suggestion  and  hope  that  the  oat  come 
of  this  discussion  may  be  an  organised  attempt  to  achieve  som^hing 
and  to  tell  the  Government  what  we  want,  becomes  an  accomplished 
fact,  I  trust  such  a  committee  may  be  chosen  frcHn  this  Institiitkm  as 
will  treat  the  points  in  question  from  a  large-minded  point  of  view,  that 
will  bring  wide  knowledge  to  bear  on  the  matter,  and  treat  it  in  such 
a  thorough  and  business-hke  manner,  and  form  such  proposals  that  the 
leading  members  of  the  Institution  will  agree  to  and  submit  to  its  rolings 
with  confidence.  If  that  can  be  done  I  am  sure  no  Govemnient  will 
dare  to  defy  the  unanimous  opinion  of  so  powerful  a  scientific  and 
industrial  body  as  this  Institution  ;  but  I  rather  think  it  would  only  too 
cheerfully  take  its  guidance  from  us  under  such  circumstances. 

Mr.  Baker.  Mr.  C.  A.  Baker  {communtcaied) :  I  am  inclined  to  think  that  the 

point  of  view  taken  in  this  paper  by  the  author  is  somewhat  past  date. 
Eight  or  ten  years  ago  the  conditions  now  pointed  out  most  un* 
doubted ly  existed.  The  original  mistake  was  obviously  made  by  the 
Board  of  Trade  in  putting  an  entirely  new  enterprise  in  the  hands  of 
municipal  authorities  who  dared  not  risk  money  borrowed  on  the 
security  of  the  rates  in  experimental  work.  This  necessitated  a  very 
slow  development ;  in  fact,  development  was  not  aimed  at.  but 
security,  whilst  other  countries  went  ahead,  and  are  now  reaping  the 
benefit  of  the  early  progress  they  were  enabled  to  make.  A  little 
later  the  municipal  authorities  began  to  find  that  consulting  electrical 
engineers  were  available,  and  these  gentlemen  have  been  largely 
employed  in  designing  work  and  imposing  conditions  generally,  agadn 
with  a  view  to  security  rather  than  development.  The  only  experi- 
mental development  on  a  large  scale  that  occurs  to  me  at  the  moment 
as  having  been  adopted  in  this  country  is  the  five-wire  system  at  Man- 
chester ;  the  subsequent  working  of  this  system  has  not  secured  its  popu- 
larity. Consulting  engineers  and  manufacturers  take  different  views  as 
to  the  way  work  should  be  carried  out,  and  no  doubt  the  manufacturers 
of  this  country  have  suffered  considerably  by  being  placed  so  much 
under  the  control  of  consulting  engineers  through  the  instrumentality 
of  municipal  authorities. 

At  the  present  time*  there  appears  to  be  an  abundance  of  work  on 

hand.    Many  of  the  schemes  which  have  been  promoted  by  companies 

and  received  Parliamentary  sanction  are  lying  dormant,  or  the  work  in 

connection  with  them  is  proceeding  very  slowly ;  whilst,  on  the  other 

*\nd,  for  several  large  schemes,  where  the  work  has  been  carried  out, 

"ign  machinery  and  material  has  had  to  be  purchased  in  order  to 
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get  them  to  work  in  reasonable  time.    My  conclusion,  therefore,  is  that  Mr.  Baker, 
the  Board  of  Trade  and  the  Government  Departments  generally  have 
sanctioned  more  schemes  than  our  manufacturers  are  able  to  compete  for. 

Opposition  to  power  schemes  and  other  similar  undertakings  is 
often  introduced  not  entirely  through  the  local  authorities  or  through 
the  Board  of  Trade,  or  through  Parliament,  but  owing  to  the  keen 
competition  amongst  the  numerous  representatives  of  electrical  engi- 
neers in  all  branches  of  the  industry.  Consequently,  when  a  good 
scheme  is  proposed,  it  is  not  unfrequently  met  by  an  exactly  similar 
scheme  which  is  brought  forward  independently  to  cover  practically 
the  same  area. 

In  connection  with  development,  there  is  a  point  where  our  central 
station  engineers  still  lag  very  much  behind  Continental  and  American 
practice.  As  long  as  twelve  years  ago,  when  I  was  acting  as  assistant 
engineer  to  the  Italian  Edison  Company  in  Milan,  we  were  using 
incandescent  lamps  consuming  three  watts  per  candle-power.  It  is 
still  the  practice  in  this  country  to  use  4-watt  lamps.  A  small  calcula- 
tion on  these  figures,  allowing  an  ample  sum  for  energy  consumed  by 
electric  motors,  arc  lamps,  etc.,  shows  from  the  revenue  received  from 
electric  supply  during  the  last  twelve  months,  that  the  public  have  paid 
considerably  over  a  quarter  of  a  million  sterling  in  excess  of  the 
sum  which  should  have  been  paid  had  the  more  efficient  lamp 
been  adopted.  There  are  power  schemes  at  the  present  time  which 
would  be  glad  of  the  offer  of  capital  to  this  extent,  and  if,  as  is 
generally  considered  necessary,  we  have  to  make  the  best  fight  we 
can  against  gas-lighting  undertakings,  this  point  of  the  adoption  of 
more  efficient  lamps  should  not  be  delayed. 

Mr.  A.  B.  Chatwood  (communicated)  :   It  appears  to  me  that  the   Mr. 
author  of  the  paper,  as  well  as  the  members  to  whose  remarks  I   c^Ja^wood. 
had  the  pleasure  of  listening,  have  evaded  the  point.     If  the  paper 
deals  with  a  subject  worth  our  while  to  discuss — and  I  for  one  think  it 
does — then  let  us  face  the  problem  before  us  and  see  whether  some 
solution  cannot  be  found. 

Mr.  Madgen  gives  two  principal  causes — silly  legislation  and  official 
opposition.  I  think  these  two  causes  could  have  been  given  as  one, 
since  the  second  could  not  exist  without  the  first.  No  one  who  was 
present  and  heard  the  course  adopted  by  Southport — ^a  course  which 
cannot  be  considered  other  than  idiotic — can  for  one  moment  doubt 
the  existence  of  this  second  or  subsidiary  cause. 

But  is  "  silly  legislation  "  a  fundamental  cause  ?  I  venture  to  think 
not  I,  and  probably  all  our  members,  will  give  the  members  of  the 
Committee  of  the  House  which  sat  on  these  Bills  credit  for  honesty,  at 
any  rate,  if  not  for  foresight  and  knowledge. 

If  we  are  to  find  the  causes  which  have  led  to  this  silly  legislation, 
let  us  compare  our  position  with  that  of  our  colleagues  in  America 
when  the  industry  in  that  country  was  just  beginning  its  rapid  advance. 
There  we  saw  overhead  wires,  with  their  attendant  risks  to  life,  freely 
adopted,  schemes  which  were  ill-considered  carried  out  on  a  large 
scale,  the  rights  of  property  owners  disregarded,  and  the  "  sacred  " 
claims  of  vested  interests  set  aside, 
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We,  on  the  contrary,  have  to  face  the  natural  conseqaences  of  the 
cliaracter  which  has  been  bred  in  us  by  the  historical  developments  oi 
our  country  during  many  centuries ;  we  have  to  remember  that  otr 
legislators  hold  life  and  property  so  sacred  that  they  will  not  allow 
immature  or  experimental  schemes  to  be  carried  out  to  the  possible 
detriment  or  injury  of  the  public. 

Such,  I  think,  is  a  fair  review  of  the  position.  Our  problem  is  not 
therefore,  that  which  Mr.  Madgen  puts,  but  is  much  more  complex  and 
difficult.  The  problem,  it  appears  to  me,  is  to  settle  first  what  we  as 
electrical  engineers  desire,  and,  secondly,  to  induce  Parliament,  or  a 
sufficient  number  of  its  members,  to  take  our  view. 

We  have  been  to  blame,  I  think,  in  the  past  in  that  we  have 
wrapped  up  our  little  bit  of  knowledge  and  experience  and  kept  it 
in  our  offices,  so  that  none  should  leak  away  without  bringing  its  value 
to  our  coffers ;  and  I  am  afraid  that  with  some  of  us  this  knowled^ 
and  experience  may  have  got  a  little  rusty  and  out  of  date.  Let  us, 
therefore,  do  all  we  can  in  the  future  to  teach  the  public,  and  more 
especially  our  legislators,  that  we  can  carry  out  our  schemes  without 
unduly  risking  life  and  without  disregarding  the  rights  of  property,  or, 
at  any  rate,  without  giving  back  with  our  right  hand  twice,  nay,  tenfold, 
as  much  as  we  take  away  with  our  left. 

I  conclude  by  suggesting  that  a  committee  be  formed,  not  of  members 
of  this  Institution  only,  but  including  one  or  two  representatives  of 
the  legal  profession,  men  who  have  had  experience  in  Parliamentary 
procedure  and  have  been  in  close  relations  with  municipal  officials, 
since,  unless  the  views  taken  by  municipal  officials  and  others  are 
represented,  the  researches  of  such  a  committee  would  be  of  little  value. 

Mr.  G.  H.  Baillie  (communicated) :  In  connection  with  the  criticisms 
we  have  heard  of  English  legislature  in  electrical  matters,  it  may  be 
of  interest  to  note  how  Italy  has  made  more  rapid  progress  than, 
perhaps,  any  other  European  country,  under  entirely  different  methods 
of  procedure.   There,  the  electric  power  laws  are  based  on  the  principle 
that  a  municipality  or  a  province  should  be  allowed  to  do  what  it 
pleases  on  the  property  under  its  control.    Thus,  an  electric  lighting 
concession  is  granted  solely  and  entirely  by  the  municipality  interested, 
and  the  Government  merely  reserves  to  itself  the  right  of  appro\Tng 
the  details,  which  approval  is  such  a  formality,  that,  in  the  case  of  one 
electric  lighting  station,  started  by  Mr.  Woodhouse  and  myself,  we  liad 
supplied  light  for  three  months  before  the  ministerial  decree  arrived, 
giving  us  permission  to  start.     In  other  interests  than  their  own,  how- 
ever, municipalities  have  no  power  of  obstruction,  by  reason  of  a  useful 
clause  in  the  electric  light  law,  passed  in    1894,  which  compels  e\'ery 
proprietor,  whether  an  individual  or  a  municipality,  to  give  ^'ay-leaves 
through  his  property  to  electrical  mains.    A  power  scheme,  distributing 
over  a  large  area,  would  depend  on  the  Provincial  Councils,  w^ho  control 
the  inter-urban  roads ;  a  municipality  could  not  refuse  permission  to 
lay  mains  through  its  district,  though  it  could  refuse  to  allow  any 
supply.     In  Italy,  however,  if  the  supply  were  good  and  cheap  enougti 
to  make  the  inhabitants  want  it,  they  could  practically  compel  the 
municipality   to  grant  a   concession  for  supply.      Municipal   supply 
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stations  arc  very  rare,  probably  because  no  town  population  will  credit  Mr.  Baiiiic. 
the  municipal  authorities  witli  any  desire  but  that  of  filling  their  own 
pockets  ;  private  enterprise,  to  a  great  extent  German,  has  given  Italy 
the  enormous  number  of  electric  lighting  stations  now  in  operation, 
many  of  which  supply  villages  so  small  and  so  poor,  that  a  station 
running  under  Board  of  Trade  rules  would  be  financially  impossible. 

I  think  a  serious  obstacle  to  the  spread  of  electric  light  in  England 
is  the  cost  of  house  installations,  which  is  so  high  as  to  be  almost  pro- 
hibitive to  the  poorer  classes  ;  in  Italy,  where  the  cost  is  less  than  half, 
even  for  good  work,  installations  of  2,  3  and  4  lamps  form  a  con- 
siderable part  of  a  station's  load.  The  system  of  wiring  adopted  is  a 
much  cheaper  one,  and  would  not  be  sanctioned  in  England  ;  but  still  - 
the  houses  do  not  burn,  nor  do  the  Insurance  Companies  fail. 

Dr.  Thompson's  contention  that  water-power  is  no  cheaper  than 
steam-power,  on  account  of  the  cost  of  the  water-rights,  does  not  hold 
in  Italy,  or  I  believe  in  Switzerland,  as  all  rivers  are  Government 
property,  and  a  concession  costs  only  an  annual  sum  of  3  francs 
per  H.P.  However,  the  capital  cost  of  a  water-power  plant,  and  the 
fact  that  a  long  transmission  is  generally  required,  to  bring  the  power 
where  it  is  wanted,  makes  the  advantage  of  water-  over  steam-power  a 
very  doubtful  one,  in  the  case  of  electric  lighting  with  a  small  load 
factor,  but  a  very  decided  one,  in  the  case  of  an  all-day  power  load. 

Mr.  Ebenezer  Hov/arv  {communicated) :  Mr.  Madgen  in  his  paper  Mr.  Howard. 
dwelt  upon  the  intimateiconnection  between  the  development  of  electrical 
undertakings  and  the  great  housing  problem.  The  only  satisfactory 
way  of  dealing  with  the  latter  problem  is  to  induce  large  bodies  of 
work  and  of  workers  to  establish  themselves  in  new  districts.  This  is 
what  Mr.  Madgen  contends  for.  But  this  movement  must  be  con- 
certed ;  for  if  manufacturers  leave  congested  centres  in  a  concerted 
manner,  they  can  secure  for  themselves  and  for  their  work-people  far 
better  results  than  by  leaving  singly.  Mr.  Madgen  speaks  of  a  com- 
prehensive scheme  for  the  generation  of  electrical  energy  as  likely  to 
attract  manufacturers  out  of  our  crowded  cities.  But  this  system 
should  be  part  of  a  still  more  comprehensive  scheme.  Factories  need 
not  only  cheap  motive  power  and  light,  but  cheap  sites,  low  rates, 
opportunities  for  necessary  extensions,  and  railway  facilities.  They 
must  be  secured  against  interruptions  of  light  and  air  ;  and  above  all 
must  have,  in  contiguous  or  quickly-reached  positions,  healthy  areas  and 
healthy  homes  for  their  work-people.  Start,  then,  a  comprehensive  system 
in  which  the  supply  of  electrical  energy  for  all  purposes  shall  occupy 
no  mean  place.  Plan  out  on  some  large  and  now  scarcely-occupied 
estate  a  city  which  shall  be  abreast  of  modern  ideas,  and  let  the  city 
grow  to  that  plan  as  a  house  grows  to  the  plan  of  its  architect. 

It  should,  surely,  be  possible  to  combine  private  and  public  enter- 
prise, and  to  produce  a  great  concrete  result  far  higher  than  either 
could  alone  effect.  It  is  practicable  by  private  enterprise  to  purchase 
a  large  estate  and  to  develop  it  in  the  public  interest ;  to  pay  a  fair  rate 
of  interest  to  those  who  find  the  necessary  capital,  and  to  give  them 
besides  an  excellent  security  for  their  money.  Then  it  is  also  practi- 
cable  so  to  lay  out  the  estate,  .and  to  offer  such  terms  as  to  tenure  and 
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Mr.  Howard,  otherwise,  that  all  classes  will  co-operate  ;  and  such  a  city  will  be 
followed,  of  course,  by  others,  thus  drawing  the  people  out  of  our  over- 
crowded cities  and  solving  at  the  same  time  the  problem  of  rural 
depopulation.  This  is  the  ptoject  of  the  Garden  City  Association — a 
project  with  which  should  be  combined  a  comprehensive  system  of 
electricity  supply. 
Mr.  Madgeo.  Mr.  Wm.  L.  Madgen,  in  reply,  said  :  So  far  as  time  will  admit  I 
shall  endeavour  to  deal  with  the  chief  points  which  have  been  referred 
to"  by  the  various  speakers. 

In  the  first  place  I  did  not  move  a  resolution,  but  I  have  no  doobt 
that  the  almost  unanimous  opinion  which  has  been  expressed  will  have 
due  weight  with  the  Council,  in  considering  the  advisability  of  appoint- 
ing a  Committee  to  advise  upon  the  most  effective  means  of  dealing 
with  the  serious  obstacles  with  which  the  electrical  industry  has  to 
contend. 

Had  I  moved  such  a  resolution  I  should  have  adopted  Mr. 
Hammond's  suggested  amendment,  that  a  Committee  be  formed  to 
consider  engineering  matters  connected  with  power  supply,  but  for  the 
fact  that  they  will  more  usefully  occupy  the  open  discussions  of  the 
Institution. 

The  Wallscnd  power  station  on  the  Tyne  for  Newcastle  and  the 
north  bank  of  the  river  down  to  North  Shields,  the  County  of  Durham 
main  power  station  at  Gateshead,  and  the  first  main  power  station  for 
the  North  Metropolitan  district,  are  now  rapidly  approaching  the  com- 
pletion of  their  first  stage,  so  that  the  new  era  of  electric  supply  has 
actually  commenced,  and  that  of  small  separate  generating  stations  in 
such  districts  is  passing  away. 

The  matter  we  have  been  considering  is  no  sectional  question 
between  one  branch  of  the  industry  and  another.  It  must  be  to  the 
advantage  of  all  that  the  applications  of  electrical  science  should  be 
freed  from  the  absurd  restrictions  imposed  by  the  governing  bodies  erf 
this  country. 

I  am  sorry  that  the  question  of  Municipal  Trading  has  been  dragged 
into  the  debate.  Apparently  it  would  not  have  done  for  this  paper, 
which,  I  am  gratified  to  find,  has  practically  the  unanimous  support  <rf 
the  members,  with  the  exception  of  Mr.  Hammond,  to  have  gone  forth 
without  some  objections  being  associated  with  it  on  behalf  of  such  an 
apostle  of  Municipal  Trading. 

Mr.  Hammond  attributed  the  backwardness  of  our  electrical 
industry  to  the  cheapness  of  gas.  Apart  from  the  fact  that  we  arc 
not  talking  of  lighting  alone,  but  also  of  power  and  of  traction,  can  such 
an  argument  be  regarded  as  serious  when  it  is  well  known  that  the  cost 
of  gas  is  mainly  governed  by  the  price  of  coal,  and  in  this  country  the 
price  of  coal  is  common  to  both  forms  of  illuminant  ? 

Dr.  Silvanus  Thompson  alluded  to  the  interesting  question  of  the 
economic  limit  of  size  of  a  power  station.  As  you  may  suppose,  j^uch 
matters  have  been  very  fully  considered  by  those  of  us  who  were 
actively  concerned  with  the  Power  Bills  of  last  session,  and  a  large 
amount  of  information  was  gathered  together.  It  was  of  course 
impossible  for  me  to  compress  this  material  within  the  limits  of  mv 
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paper.    I  felt  in  preparing  it  that  my  first  duty  to  the  Institution  was  Mr.Madgeii. 
to  indicate  the  steps  which  should  be  taken  to  remove  the  obstacles  to 
these  developments  which  have  already  been  amply  demonstrated  in 
practice  elsewhere. 

Some  five  years  ago  the  critical  limit,  beyond  which  it  Would  be  as 
>vell  to  have  two  stations  as  one  of  larger  size,  was  placed  by  a  pro- 
minent writer  at  about  5,000  H.P.,  but  now  that  single  steam-alternators 
equal  this  figure  it  is  seen  to  be  absurdly  low. 

There  is,  as  a  rule,  no  gain  in  the  boilers  after  a  power-station  has 
reached  a  few  thousand  horse-power  capacity,  and  as  station  size 
increases  the  boilers  are  not  made  larger,  but  increased  in  number. 
With  engines  there  is  a  continuing  advantage  as  the  size  increases, 
both  in  efficiency,  space  occupied,  and  weight  per  horse-power  ; 
and,  as  the  largest  sizes  so  far  used  for  electrical  purposes  are  greatly 
exceeded  by  those  of  a  similar  type  used  in  marine  practice,  special 
experimental  work  is  not  yet  occasioned  by  increase  in  size,  and 
the  cost  per  horse-power  continues  to  go  down  as  the  size  increases. 
Alternator  design  is  now  so  well  understood  that  untried  sizes  can  be 
built  with  confidence,  but  there  is  said  to  be  no  economy  in  first  cost 
per  horse-power  of  unusual  sizes,  as  the  special  designs  and  construction 
outweigh  the  saving  in  material  and  workmanship. 

An  example  of  the  smaller  economies  effected  in  construction  is 
that  one  crane  will  serve  an  engine-room  containing  ten  generators  as 
well  as  one  containing  five. 

However  large  the  station,  there  is  still  a  gain  in  the  capital  cost 
per  horse-power  installed  due  to  concentration,  as  it  is  much  cheaper 
to  erect  and  to  house  duplicate  planet  at  one  point  than  to  construct  the 
equivalent  at  several  points.  As  capital  charges  are  the  largest  item  in 
the  cost  of  electrical  energy,  the  most  important  saving  due  to  cen- 
tralisation is  the  greatly  reduced  capital  cost  per  horse-power  installed. 

In  regard  to  running  expenses,  even  if  the  size  has  become  so  great 
that  the  concentration  allows  no  increase  in  the  size  of  units  of  generate 
ing  plant,  the  duplication  allows  many  economies  of  this  nature  that 
could  not  be  attempted  with  a  smaller  equipment.  This  is  owing  to  the 
fact  that  the  complexity  of  these  economies  does  not  increase  with  their 
increased  size,  while  the  saving  is  proportional  to  the  size.  Many  details, 
such  as  oil-circulating  equipment,  coal  and  ash-handling  machinery 
mechanical  draft,  economisers,  &c.,  are  thus  affected.  The  larger 
the  station,  also,  the  greater  is  the  differentiation  of  labour,  and  in  con- 
sequence the  greater  is  the  efficiency  of  that  labour. 

It  is  now  regarded  as  a  truism  that  the  greater  the  centralisation  of 
the  power  plant  the  better  is  the  load  factor.  In  a  lighting  system  the 
peak  of  the  load  does  not  coincide  in  residential  and  business  districts. 
In  a  traction  system,  pleasure  resort  lines  may  have  their  peak  at  one 
time  and  the  lines  serving  business  districts  at  another.  Combined 
lighting,  power  distribution,  and  traction  systems  gain  still  more  by  the 
improvement  in  load  factor  due  to  the  combination  of  different  loads. 

Thus  it  appears  that  increase  in  size  causes  a  continued  increase  in 
economy,  so  far  as  the  power-station  itself  is  concerned.  This  increase 
undoubtedly  grows  smaller  and  smaller  as  the  size  continues  to  increase, 
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Mr  Madjiea.  but  ncver  reaches  zero.  At  a  certain  point  this  gain  is  met  by  the  dtr- 
advantage  of  long  feeders,  but  with  high-tension  transmission  it  ib  not 
reached  until  the  district  is  a  very  large  one,  sufficiently  large  in  areas 
of  a  suitable  character  for  stations  of  a  power  hitherto  unheard  of. 

The  above  remarks  are  in  part  a  paraphrase  of  some  interesting 
notes  which  appeared  in  the  Electrical  World  of  New  York,  Augii>t 
13,  1899. 

Other  considerations  which  come  into  the  question  may  be  indicated 
best  by  extracts  from  letters  received  in  June  of  last  year  from  oar 
friend  Mr.  Gisbert  Kapp,  of  Berlin,  from  Mr.  Edgar,  President  of  the 
Eldison  Electric  Illuminating  Company,  of  Boston,  and  from  Mr.  R  S. 
Hale,  of  Boston. 

Mr.  Kapp  wrote  ;  "The  principles  upon  which  you  have  been 
working  have  long  ago  been  recognised  as  sound  in  Germany.  In 
Silesia  there  is  a  steam-driven  station  supplying  a  large  district  with 
10,000-volt  3-phase  current.  The  Rheinfelden  station,  as  you  know, 
supplies  into  Switzerland  and  Germany  over  wide  districts,  and  its 
power  is  fully  taken  up.  In  Berlin  the  old  system  of  having  town 
stations  each  for  a  limited  area  is  being  supplemented  by  outside 
stations  and  long  distance  transmission.  In  Schonweide,  to  the  east 
of  Berlin,  there  is  a  large  6,800-volt  3-phase  station  which  supplies 
various  parishes.  A  new  station  is  now  in  construction  in  the  north, 
and  another  is  projected  for  the  west.  In  all  there  are  now  on  order 
eight  steam  3-phasers  of  3,000  kw.  each.  One  iparish  south-east  of 
Berlin,  for  which  I  am  consulting  engineer,  has  an  offer  for  current 
from  the  large  eastern  station  at  low  prices.  I  am  just  working  out  the 
plans  for  a  municipal  station,'  and  as  far  as  I  have  been  able  to  see  at 
present  the  home-made  current  will  come  more  expensive  than  the 
current  from  the  large  eastern  station." 

Mr.  Edgar  said  :  '*  This  Company  has  had,  for  the  past  ten  years,  its 
principal  lighting  station  upon  the  water  front  near  the  centre  of  dis- 
tribution. A  year  or  two  ago  it  was  foreseen  that  the  facilities  of  this 
station  would  be  completely  required  for  the  winter  of  1900.  It  there- 
fore became  an  important  question  as  to  whether  this  station  should  be 
enlarged  or  a  station  laid  down  in  some  other  section  of  the  cit>'.  After 
considering  this  question  quite  thoroughly,  it  was  decided  by  aU  con- 
cerned that  the  proper  action  to  take  was  to  enlarge  the  existing 
station,  and  we  arc  now  building  upon  the  same  premises,  and  adjoining 
the  old  station,  a  power  house  of  a  capacity  equal  to  double  that  of  the 
old  station.  The  entire  plant  is  so  designed  that  for  all  practical  pur- 
poses it  is  one  station ;  but  at  the  same  time,  as  a  matter  of  precaution 
against  steam-pipe  explosions  or  troubles  of  that  character,  both  the 
engine  and  boiler  rooms  are  divided  into  two  separate  and  distinct 
risks,  while  the  switch-board  is  located  in  a  structure  entirely  separate 
from  the  remainder  of  the  station.  The  old  station  had  a  capacity  of 
6,500  H.P.,  while  the  new  one  is  laid  out  for  15,600,  making  a  grand 

*  Since  this  discussion  I  have  been  infonned  by  Mr.  Kapp  that  upon  hia 
advice  the  idea  of  the  separate  municipal  generating  station  has  been  aban- 
doned, and  the  current  is  now  supplied  direct  from  the  main  power  station 
he  refers  to. 
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total  of  something  over  20,000  H.P.  when  completed.  We  have  there-  Wr.Madjjcn. 
fore  had  to  meet  the  same  problem  which  you  raise  in  your  letter,  and 
have  decided  it  as  I  have  described — viz.,  to  locate  on  one  premises 
practically  all  of  the  generating  facilities  of  the  Company,  subdividing 
them  into  two  or  more  fire  risks  by  substantial  walls,  but  getting  all  the 
benefit  of  concentration  in  the  keeping  down  of  operating  expenses." 

Mr.  Hale  wrote  :  "  I  should  say  that  the  general  idea  here  was  that 
stations  of  50,000  to  100,000  H.P.  arc  more  economical  than  smaller 
stations.  My  own  investigations  have  shown  that  boiler  plants  of 
3,000  to  4,000  H.P.  had  reached  the  point  where  no  further  economy 
was  to  be  gained  by  increasing  the  size,  but  as  regards  engines,  the  ufc 
of  engines  of  5,000  H.P.  makes  it  necessary  to  have  very  much  larger 
stations  so  as  to  have  a  reserve  unit  without  having  too  great  a  per- 
centage of  the  capital  lying  idle.  If  we  go  to  engines  of  10,000  or 
20,000  H.P.  each,  of  course  that  will  mean  still  larger  stations,  and, 
judging  from  the  increase  in  size  of  engines  in  the  last  five  or  ten 
years,  I  should  think  it  very  probable  that  a  5,000  H.P.  engine  may  be 
considered  a  small-sized  unit  before  long." 

Before  the  year  is  out  fuller  particulars  will  be  available  of  the_ 
development  of  several  steam-driven  electric  power  stations  of  ten  to 
twenty  thousand  horse  power  which  will  further  demonstrate  the  folly 
of  continuing  in  this  country  the  era  of  a  wasteful  little  toy  station  for 
each  township. 

One  of  the  finest  examples  is  that  of  the  Metropolitan  Street  Railway 
Company  of  New  York.  In  the  relatively  small  area  of  twenty  square 
miles  this  company  has  217  miles  of  tramway  track,  82  miles  of  which 
are  now  worked  electrically,  and  much  of  the  rest,  including  the  cele- 
brated Broadway  cable  line,  is  being  "converted."  The  generating 
plant  has  been  concentrated  in  a  power  station  on  the  water  front  at 
96th  Street,  and  comprises  no  less  than  45,000  kw.,  the  large  3-phasc 
plant  units  being  of  3,500  kw.  each.  The  electro-pneumatic  switchgear 
is  divided  up  in  a  manner  analogous  to  a  modern  organ,  and  the 
required  "tune"  can  be  played  on  it,  so  to  speak,  from  a  central 
keyboard.  There  are  many  other  points  of  great  interest  in  this  power 
station,  and  by  the  courtesy  of  the  British  Thomson-Houston  Company 
I  am  enabled  to  put  in — for  the  library — copy  of  a  complete  description 
with  illustrations  and  dimensioned  drawings. 

The  controversies  between  the  adherents  of  theory  and  of  practice 
in  this  Institution,  and  personal  questions  of  priority  of  disclosure,  have 
become  a  very  stale  convention  to  many  of  us,  and  there  is  a  general 
feeling,  I  believe,  that  we  might  well  have  less  of  them.  I  am  sadly 
conscious  that  any  sympathy  I  may  have  had  for  Professor  Ayrton  on 
such  occasions  has  been  dissipated  this  evening.  It  appears  that  he 
has  been  among  the  back  numbers,  and  has  found  that  he  said  some- 
thing  or  other  in  1879  which  we  may,  or  may  not,  recognise  as  a  broad 
claim  to  modern  developments  in  electrical  supply  over  large  areas. 
Professor  Ayrton  then  said  that  it  cannot  be  the  fault  of  Parliament  or 
of  the  Local  Authorities  that  the  Metropolitan  Railway  trains  are  not 
run  by  electricity.  True,  but  what  are  the  circumstances  of  the  Metro- 
politan Railway  ?    It  is  in  it§?lf  a  monument  to  private  enterprise,  but 
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Mr.Madgen.  the  net  earnings  are  very  moderate,  relatively  to  the  public  ser\'ice  it 
affords,  and  it  is  a  grave  question  of  finance  whether  the  additional 
capital  cost  of  making  a  radical  change  in  the  method  of  working 
would  be  an  advantage  to  the  proprietors.  Moreover  some  three  or 
four  main  lines  have  running  powers  over  part  of  the  circle,  and 
arrangements  in  regard  to  them  have  to  be  considered.  We  should  all 
like  to  see  the  change  brought  about,  but  it  is  no  discredit  to  private 
enterprise  that  it  should  take  heed  what  it  is  doing. 

Professor  Ayr  ton  mentioned  that  on  behalf  of  a  local  authority*  he 
had  approached  a  large  company  to  ask  upon  what  terms  it  would 
supply  in  bulk  to  the  extent  of  500  H.P:  The  reply  was  3d.  per  unit, 
and  under  the  circumstances  I  am  not  at  all  surprised.  Why  should 
any  one  with  a  power  station,  selling  retail  over  a  large  area,  go  out  of 
his  way  to  supply  at  a  special  rate  to  one  wholesale  consumer  with  such 
a  small  demand  ?  . 

There. appeared  to  be  some  question  as  to  whether  Mr.  Clay  was  in 
order  in  bringing  in  the  telephone  question.  I  am  aware  that  the 
company  is  not  very  popular  to-day,  and  any  whip  appears  to  be  good 
enough  to  scourge  them  with,  but  I  do  not  suppose  that  those  of  us 
who  are  unfamiliar  with  telephone  work  can  realise  the  difficulties 
under  which  they  have  been  carrying  on  the  service.  The  wonder  is 
not  so  much  that  it  has  been  done  indifferent  well,  as  that  it  has  been 
done  at  all.  Practically  the  whole  of  their  wires  are  overhead,  they 
have  to  get  wayleaves  where  they  can,  and  are  liable  to  be  victimised 
at  every  turn.  Mr.  Gavey  reproached  the  telephone  company  with 
having  resorted  to  the  device  of  offering  a  free  service  in  certain  cases 
in  order  to  compete  with  the  Post  Office.  It  is  the  Government  which 
is  responsible  for  any  expedients  to  which  the  company  may  have  been 
driven  in  order  to  preserve  their  business.  It  is  the  Government  which 
is  mainly  responsible  for  the  present  chaotic  condition  of  telephone 
work. 

It  is  a  great  satisfaction  to  me  that  Colonel  Crompton  has  appre- 
ciated the  intention  of  this  paper.  After  the  E.  L.  Amendment  Act  of 
1888  was  passed  it  was  due  to  his  initiative  that  pioneer  supply  stations, 
which  have  served  as  an  incentive  to  much  thart  since  has  been  done, 
were  equipped  at  Kensington,  Northampton,  Southampton,  Hove,  and 
elsewhere,  and  he  affords  us  an  example  of  what  can  be  done  for  an 
industry  by  individual  enterprise. 

My  thanks  are  also  due  to  the  several  other  representative  members 
who  have  supported  the  movement  in  favour  of  the  Institution  taking 
steps  for  the  removal  of  the  legislative  and  other  difficulties  which 
are  retarding  sp  very  seriously  the  progress  of  electrical  work  in  this 
country. 

Dr.  Silvanus  Thompson  concluded  his  remarks  with  a  parable,  and 
if  you  will  allow  me  1  shall  do  the  same.  In  most  domestic  circles— 
certainly  in  the  one  with  which  I  am  best  acquainted — there  is  a  ^mxU 
member  who  wishes  to  know  why  you  leave  the  house  reasonably 
early,  and  why  you  do  not  return  until  sometimes  unreasonably  late. 
It  is  usual  to  tell  this  small  person  that  it  is  for  the  purpose  of  bringing 
her  bread  and  butter.    Well,  this  is  a  bread-and-butter  question.    It 
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is  a  question  affecting  the  interests  of  this  Institution  as  a  whole.  Mr.Madgcn 
Surely  it  cannot  be  in  the  better  interest  of  any  consulting  engineer, 
however  "municipal"  he  may  be,  that  the  industry  should  be  "held 
up**  as  it  now  is.  If  the  means  of  progress  are  enfranchised,  surely 
it  will  not  be  any  impediment  to  municipal  enterprise  in  the  same 
direction. 

It  is  to  our  interest  to  see  to  it  that  these  legislative  restrictions  are 
removed.  And  I  may  put  it  higher  than  that — it  is  our  duty.  Members 
of  Parliament,  County  Councillors,  and  other  elected  persons  have  at 
length  discovered  that  electric  traction  is  a  means  of  relieving  the 
congestion  of  population.  Some  of  them,  indeed,  are  beginning  to 
quarrel  as  to  which  of  them  first  suggested  it  !  Personally  I  believe 
that  electrical  power  distribution,  by  assisting  the  migration  of  indus- 
tries into  more  open  country,  can  do  even  more  to  relieve  overcrowding. 
If  this  be  so,  if  the  greatest  evil  of  our  time,  the  overcrowding  and  the 
unhappy  condition  in  which  the  working  classes  are  living,  can  be 
alleviated  by  means  of  electrical  power  distribution  and  traction  on  a 
comprehensive  scale,  clearly  then  it  is  our  duty  to  see  that  the  path  is 
cleared  for  us  to  carry  out  our  mission. 

The  President:  Gentlemen, — May  1   ask   you  to  give  a  hearty  The 
vote  of  thanks  to  Mr.  Madgen  for  his  interesting  paper  ? 

Carried  with  acclamation. 

The    President   announced    that    the    scrutineers    reported    the 
following  to  have  been  duly  elected  : — 

Members : 
Major  Andrew  Bain,  E.E.,  R.E.  |      James  Ferguson. 

Associates : 

Robert  Marshall  Carr. 
Alexander  Charles  Cramb. 
Richard  Bertram  Leach. 


Henry  James  Nisbett. 


William  J.  Daly. 
Thomas  Abba  Davies. 
Walter  William  Symper. 


William  Harold  Spencer. 
Christopher  Wilson. 
Ernest  Wilson. 


Students  : 


Edward  Garfield  Taylor. 

Norman  Thirlby. 

Francis  Edward  Wilkinson. 
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(i)  The  load-factor  is  not  under  the  control  of  the  suppliers,  except 
to  the  extent  that  they  cater  for  power  distribution.  This  is  one  reason 
for  working  a  tri phase  system  of  rather  low  periodicity.  In  the  distri- 
bution of  electrical  energy  for  both  power  and  light  from  the  same 
mains  the  sectional  area  must  be  such  as  to  keep  the  losses  fairly  low  ; 
but  there  is  no  real  difficulty  in  working  a  power  supply  system  on  the 
electric  light  mains,  as  for  example  at  Frankfort.  Polyphase  systems 
of  distribution  are  a  success  on  the  Continent,  as  for  example  at  Mainz, 
Manheim,  and  Strasburg.  In  Strasburg,  for  example,  there  is  a  three- 
phase  system  of  3,000  volts  transformed  to  100.  There  900  k.w.  arc 
transformed  to  continuous  current  for  the  tramcar  system.  The  same 
should  be  done  in  Dublin.  In  Strasburg  they  produced  i  ,300,000  units  for 
power,  1,190,000  units  for  the  trams,  and  230,000  units  utilised  in  three- 
phase  motors  and  transformed  on  the  consumers'  premises.  They 
particularly  liked  the  three-phase  motors  as  being  very  convenient  for 
power  production  under  a  great  variety  of  circumstances.  It  has  been 
doubted  whether  it  is  possible  to  balance  the  voltage  on  the  three  wires 
of  a  triphase  system  satisfactorily  when  used  for  electric  lighting ;  but  it 
has  been  proved  by  actual  experience  that  there  is  no  serious  difficulty 
in  doing  this.  With  regard  to  power,  it  is  to  be  hoped  that  in  Dublin, 
as  on  the  Continent,  there  will  grow  up  a  large  demand  for  power,  and 
so  produce  a  satisfactory  load-factor. 

(2)  A  large  enough  output  is  practically  certain  from  experience  in 
other  cities  where  a  satisfactory  system  of  electric  lighting  has  been 
installed. 

(3)  Command  of  cheap  coal  and  water  is  secured  by  going  to  the 
Pigeon  House,  where  coal  can  be  delivered  from  shipboard  and  water 
for  condensing  pumped  from  the  sea.  In  addition  to  these  advantages 
the  Pigeon  House  provides  land  cheap,  room  for  extensions,  no  trouble- 
some neighbours,  and  a  distance  from  Dublin  of  only  three  miles. 

(4)  The  plant  to  be  installed  is  carefully  specified  to  be  of  first-class 
design.  It  is  to  be  divided  into  two  sets  of  500  k.w.  and  two  of 
1,000  k.w.,  and  alternative  tenders  are  asked  for  both  compound  and 
triple  expansion  engines.  It  is  desirable  to  have  some  comparatively 
small  units  for  work  during  the  times  of  small  demand.  The  specifica- 
tion of  the  engines  and  dynamos  is  drawn  up  in  terms  of  steam 
consumption  per  kilowatt.  The  steam  is  to  be  superheated  about  150  or 
160  degrees.  A  26-inch  vacuum  (with  allowance  for  low  barometer)  will 
be  demanded.  It  is  required  that  the  consumption  shall  not  exceed  19  lbs. 
of  steam  per  k.w.  in  the  compound,  nor  17  lbs.  per  k.w.  in  the  triple 
engines,  which  works  out  as  I2*ii  I.H.P.  for  the  double  and  io"84 
I.H.P.  for  the  triple  expansion  engines  at  an  85  per  cent,  all-round 
efficiency.  The  transformer  loss  need  not  be  great,  if  we  are  to  judge 
by  experience  elsewhere.  For  example,  at  Leeds,  with  a  high-pressure 
alternating  system,  the  average  cost  per  unit  in  1898  was  i'29d.  gene- 
rated and  distributed  to  consumers,  which  may  be  compared  with 
Bradford,  which  has  a  low-pressure  supply  for  the  same  period  at  i'43d. 
per  unit.  Of  29  works  which  produce  at  a  lower  cost  than  2d.  per  unit, 
14  are  alternating  and  15  continuous  current,  so  that  there  is  no 
difficulty  about  transformer  losses.     He  considered  that  it  should  be 
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possible  to  generate  at  I'Sd.  per  unit  in  Dublin.  This  would  be  at 
3*37d.  with  repayment,  and  if  they  charged  4*5d,  for  private  and  2cL  fw 
public  lighting  this  would  provide  3*42d.,  and  thus  leave  a  littJc  fcff 
contingencies. 

(III.)  He  arranged  to  satisfy  the  ratepayers  in  the  three  ways 
enumerated. 

(a)  By  not  embarking  on  too  large  a  capital  expenditure.  This  was 
an  important  reason  why  he  designed  this  triphase  system.  Low- 
pressure  continuous-current  systems  are  too  expensive  in  feeders.  By 
going  to  the  Pigeon  House,  as  already  explained,  a  small  capital 
expenditure  on  ground  was  secured. 

(6)  He  proposed  to  utilise  the  existing  alternating-current  system  by 
transformers  at  Meet  Street  The  frequency  would  be  reduced,  but 
otherwise  the  present  network,  the  five  transformer  stations,  etc.,  would 
be  utilised. 

(c)  To  prevent  disturbance  of  the  streets  he  proposed  to  lay  down 
immediately  sufficiently  large  mains  to  supply  extension  for  several 
years  to  come,  and  to  lay  the  mains  in  such  a  sound  and  secure  way 
that  there  was  practically  no  danger  of  faults  occurring  in  the  streets 
necessitating  their  being  opened  for  repairs. 

{d)  To  provide  efficient  public  lighting  he  proposed  substituting  fa* 
the  present  arrangements  a  system  of  500  arc  lamps,i  utilising  the 
existing  culverts  where  possible.  These  public  arc  lamps  are  to  be  on 
special  circuits  separate  from  the  other  power  and  light  distributing 
system. 

In  conclusion  Mr.  Hammond  defended  the  general  principle  of  a 
three-wire  system  of  distribution.  If  out  of  balance  to  the  extent  of 
50  per  cent.,  this  would  not  produce  a  greater  difference  of  voltage 
than  100  volts,  which  was  only  2  per  cent,  on  the  5,000  volts  they  were 
installing.  The  Midland  Company,  one  of  the  largest  schemes  recently 
proposed,  was  providing  a  balanced  three-phase  system,  and  he  might 
say  that  three-phase  systems  were  almost  universally  employed  now 
with  success. 

Mr  Porte.  Mr.  A.  E.  PoRTE  Congratulated  the  Section  on  getting  Mr.  Hammond 

to  come  over  and  unfold  his  scheme.  He  raised  questions  as  to  the 
difficulty  of  getting  good  foundations  at  the  Pigeon  House,  and  quoted 
some  results  of  borings.  He  thought  it  would  be  interesting  to  hear 
how  this  difficulty  was  to  be  met.  If  the  strata  are  as  described,  there 
would  appear  to  be  danger  of  the  clay  being  worked  out  by  the  action 
of  the  tides. 

He  criticised  the  provision  for  motor  load,  which  he  thought  was 
very  inadequate.  He  would  have  been  glad  to  have  seen  600  to 
800  H.P.  provided  for  this  purpose.  In  Cork,  with  a  population  about 
one-third  that  of  Dublin,  there  was,  eighteen  months  after  the  opening 
of  the  station,  a  motor-load  of  400  H.P. 

He  desired  to  know  why  single-phase  motors  were  not  more  used 
at  present  on  the  existing  supply.  He  considered  the  provision  of 
500  arcs  as  greatly  in  excess  of  what  could  be  required.  He  agreed  as 
^o  the  desirability  of  specifying  1,000  k.w.  units  driven  by  slow-speed 
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Corliss  compound  engines,  but  wished  to  know  what  efficiency  was    Mr.  Porte, 
expected  from  the  triple  engines  on  a  low  load. 

Mr.  R.  Humphries  spoke  as  to  the  effect  of  the  voltage  of  a  three- 
phase  distribution  system  when  a  large  inductive  load  such  as  an 
induction  motor  was  thrown  in  and  out  of  circuit.  He  had  had 
experience  on  the  Dublin  Southern  Tramways  with  three-phase 
transmission,  and  knew  the  variation  to  be  considerable  that  takes 
place  on  the  terminals  at  the  far  end  of  a  cable.  The  General 
Electric  Company  of  America  had  developed  a  system  known  as 
the  Monocyclic  System  for  just  this  purpose,  to  keep  the  motors  and 
lamps  on  circuit  separated  from  one  another.  The  conditions  were 
altogether  different  to  throwing  continuous-current  motors  in  and  out 
of  circuit.  The  makers  were  guaranteeing  a  maximum  variation  in 
voltage  with  change  of  load,  but  did  this  refer  to  an  inductive  load  ? 
Referring  to  Mr.  Hammond's  wish  for  a  large  load-factor,  this  was 
exactly  what  was  offered  by  a  combined  traction  and  lighting  system. 
Notwithstanding  Mr.  Hammond's  reference  for  plant  made  to  order, 
he  preferred  the  system  of  having  standard  plant,  as  it  could  be  pro- 
duced of  good  type  much  cheaper  than  special  plant,  and  the  fact  that 
it  was  standardised  proved  that  the  machinery  had  well  withstood  its 
tests. 

Mr.  C.  P.  C.  Cummins  also  expressed  a  decided  opinion  in  favour 
of  specifying  plant  of  standard  pattern.  He  had  had  experience  in 
America  of  the  value  of  standard  patterns,  and  had  been  strongly 
impressed  with  their  value.  He  regretted  that  Mr.  Hammond  had 
lieen  unable  to  give  some  of  the  figures  which  so  staggered  him,  when 
considering  other  systems. 

Mr.  S.  A.  Malpas  asked  whether  any  difficulty  was  experienced  in   Mr.  Maipas 
getting  a  sufficient  number  of  competitive  tenders,  as  other  efficiencies 
were  introduced  such  as  air-pump  and  condenser  efficiencies,  and  many 
of  the  smaller  manufacturers  would  decline  to  tender  rather  than  take 
the  responsibility. 

Mr.  Sayek  questioned  the  facilities  at  the  Pigeon  House  for 
delivery  of  coal,  as  large  vessels  could  not  there  come  alongside. 
He  also  desired  information  as  to  the  facilities  for  obtaining  fresh 
water  for  the  boilers. 

Mr.  J.  R.  Sykes  reiterated  Mr.  Sayer's  doubt  as  to  the  cheap  delivery   Mr.  Sykcs. 
of  coal,  and  further  inquired  whether  the  roadway  was  sufficiently  well 
constructed  tocarry  heavy  machinery,  and  asked  if  a  carrying  company 
had  not  raised  difficulties  as  to  the  delivery  of  plant. 

Professor  G.  F.  Fitzgerald  (Chairman)^  in  calling  on  Mr.  Hammond 
to  reply,  congratulated  the  Section  on  having  had  this  interesting  and 
valuable  communication  brought  before  it,  and  particularly  thanked 
Mr.  Hammond  for  the  very  great  amount  of  trouble  he  had  taken  in 
giving  them  this  account  of  the  proposed  DubHn  supply.  He 
expressed  a  preference  for  clothes  made  to  order  rather  than  for  ready- 
made  clothes,  and  rather  sympathised  with  Mr.  Hammond's  views  as 
to  the  desirability  of  designing  plant  for  the  special  purpose  they  were 
to  iuffil.  He  called  attention  to  the  value  of  the  work  done  by  scientific 
investigation,  in  that  the  two  quantities  most  accurately  and  easily 
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measured  were  water  and  electric  encrg\' ;  the  oldest  and  the  newest 
of  measured  things — matter  and  energy.  He  expressed  a  hope  that 
a  three-phase  system  would  be  introduced,  because  the  educational 
value  of  such  a  complicated  system,  and  one  whose  working  was  so 
difficult  to  understand,  would  be  very  great,  and  it  would  emphasise  in 
Dublin  the  necessity  for  a  sound  scientific  basis  for  the  education  of 
engineers. 

Mr.  Hammond  replied  that  as  regards  the  foundation  the  Coipora- 
tion  were  acting  under  the  very  best  advice,  and  that  the  citizens  might 
be  confident  that  no  structures  or  engines  would  be  erected  except  on 
perfectly  secure  foundations,  and  that  there  was  no  serious  reason 
to  think  that  the  expense  of  foundations  would  be  excessive.  In 
answer  to  the  objection  that  the  installation  was  not  big  enough,  he 
could  only  hope  that  it  would  be  much  bigger,  and  that  while  the 
Tramway  Company  desired  to  obtain  the  supply  of  power  for  lighting 
Dublin,  the  Corporation  were  desirous  of  obtaining  the  supply  of  power 
to  the  tramways.  One  of  the  reasons  why  single-phase  motors  were 
not  more  used  in  Dublin  was  on  account  of  the  high  frequency  of  the 
present  supply ;  with  the  lower  frequency  proposed  he  expected  a 
considerable  development  of  their  use.  He  did  not  think  they  were 
proposing  too  great  a  number  of  arc  lights  for  a  city  like  Dublin,  and 
the  power  involved  was  so  insignificant  that  it  was  undesirable  to 
restrict  the  number  below  what  might  be  of  service.  There  had  been 
no  difficulty  at  all  in  getting  contractors  to  undertake  to  deliver 
heavy  goods  at  the  Pigeon  House,  which,  notwithstanding  the 
various  criticisms  was,  in  every  way  suitable  for  an  installation, 
being  nearer  the  distributing  area  than  most  new  installations  in 
large  cities,  which  were  gradually  being  moved  outside  the  cities 
for  the  sake  of  space  and  other  facilities.  In  conclusion  he  expressed 
the  pleasure  it  had  given  him  to  make  this  communication  to  the 
Dublin  Section. 

A   cordial  vote  of  thanks  to  Mr.   Hammond  for  his  exceedingly 
interesting  paper  was  afterwards  carried  by  acclamation. 
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NEWCASTLE    LOCAL    SECTION. 

Papjr  read  at  Meeting  of  Section^  January  14,  1901. 


ELECTRICALLY-DRIVEN    MACHINE  TOOLS,  AND         [/" 
THEIR    ADVANTAGES    FOR    USE    IN 
ENGINEERING    WORKSHOPS. 

By    G.    Ralph,    Associate-Member. 

Although  the  subject  chosen  is  of  great  importance, 
particularly  in  great  engineering  centres  like  Newcastle-on- 
Tyne,  the  author  feels  that  an  apology  is  due  to  the  Local 
Section  of  the  Institution  of  Electrical  Engineers  for  the 
character  of  the  paper,  since  there  is  little  or  nothing  in  it 
which  is  not  already  well  known  to  many. 

Owing,  however,  to  the  list  of  papers  for  the  Session 
being  somewhat  scanty,  it  was  necessary  for  some  one  to 
make  an  offer,  and  the  author  hopes  that  his  attempt  may 
be  the  means  of  inducing  others  to  produce  something 
better. 

Before  describing  the  methods  of  gearing  and  applica- 
tion of  electric  motors  to  various  purposes  in  the  engineering 
shops,  it  may  be  well  to  draw  attention  to  some  of  the 
points  which  appeal  most  strongly  to  a  works  manager  in 
favour  of  electrical  driving. 

One  of  the  foremost  of  these  is  the  ease  with  which 
machines  may  be  so  arranged  with  reference  to  one  another 
as  to  facilitate  the  "  following  on  "  of  work  from  one  tool 
to  another,  without  an  excessive  amount  of  handling,  either 
by  manual  labour  or  by  overhead  cranes.  Where  all  the 
machine  tools  are  driven  from  line  shafting,  they  must 
follow  a  more  or  less  rigid  arrangement  in  lines  parallel  to 
the  shafting,  which  is  not  by  any  means  the  most  convenient 
way  in  many  cases,  although  this  arrangement  has  become 
so  general  from  years  of  use  that  it  does  not  at  once  strike 
the  casual  observer  that  it  is  inconvenient. 

Many  shops  are  built  in  two  bays,  only  one  of  which  is 
served  by  overhead  travelling  cranes,  while  the  main  shafting 
is  erected  in  the  other  bay,  and  thus  most  of  the  machines 
are  collected  together  in  or  near  that  bay.   Where  the  height 
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of  the  shops  is  Hmited,  as  is  often  the  case  when  the  building 
has  two  or  more  stories,  it  is  impracticable,  in  many  in- 
stances, to  place  machines  on  the  far  side  of  the  bay  served 
by  the  travelling  cranes,  owing  to  the  difl&culty  of  getting 
belts  across  from  the  line  shafting.  The  author  is,  of  course, 
aware  that  this  difficulty  does  not  exist  in  large  shops  where 
there  is  plenty  of  head  room,  as  a  second  line  shaft  can  be 
erected  below  the  traveller  gantry  on  the  walls  or  columns. 
But  one  cannot  make  more  head  room  if  it  does  not  exist, 
and  has  to  make  the  best  of  circumstances.  In  such  cas^ 
the  application  of  electric  motors  to  individual  machines 
proves  of  great  advantage. 

Taking  a  case  which  came  under  the  author's  notice 
some  time  ago  as  an  instance.     It  used  to  be  necessary  to 
transport  all  the  heavy  magnet-castings  from  the  planing- 
machines  at  one  end  of  the  shop  by  hand  travelling  cranes, 
to  a  large  radial  drill  at  the  opposite  end.    After  drilling, 
these  had  to  be  brought  back  again  to  the  boring  machines 
near  the  place  where  they  started  from.     It  was  decided  to 
move  the  radial  drill  from  that  position  to  a  point  about 
midway  between  the  planing  and  boring  machines  on   the 
opposite  side  of  the  bay.    These  large  masses  of  material 
now  only  have  to  be  lifted  across  to  the  other  side  of  the 
bay  for  drilling,  and  zig-zag  back  again  for  boring,  instead  of 
being  twice  carried  almost  the  full  length  of  the  shop.   This 
instance  gives  some  idea  of  the  convenience  of  being  able 
to  group  machines  together  in  the  best  manner.     It  would 
have  been  impracticable  to  drive  this  radial  drill  from  the 
line  shafting   in  its   new  position   in   this   particular  case. 
Several  other  tools  were  moved  to  new  positions  from  the 
same  considerations,  and  this  resulted  in  much  less  handling 
of   material  and  in  greater  output.    Those  of  us  who  are 
engaged  in  the  manufacture  of  heavy  machinery  will  know 
that  the  proper  supply  and  following  on  of  work  from  one 
machine  to  another  is  second   only  in  importance   to  the 
output  of  the  machine  tools,  from  a  commercial  point  of 
view.    As  it  has  been  very  aptly  put  in  an  article  by  Mr. 
Hutton,  in  one  of  the  engineering  magazines,  "the   pro- 
ductive shop,  being  a  tool,  can  be  regarded  as  a  machine^ 
to  be  designed  for  a  specific  purpose.     In  this  design  the 
special  tool  is  the  cutting  edge,  while  the  internal  system  of 
transportation,  whereby  work  is  brought  and  presented  to 
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the  special  tools,  may  be  regarded  as  the  feed  motions  of  the 
machine." 

Another  great  advantage  of  applying  separate  motors  to 
individual  tools  is  the  ease  with  which  the  speed  of  the 
machine  can  be  varied  without  the  necessity  of  shifting 
belts  on  the  cone  pulleys.  The  average  machine-hand  will, 
in  most  cases,  not  take  the  trouble  to  shift  his  belt  to  suit 
the  size  of  work  unless  closely  and  constantly  watched  by  the 
foreman ;  but  give  him  a  small  regulating  switch  close  to  his 
hand,  when  he  has  only  to  give  a  knob  a  quarter  turn  to 
increase  his  speed  by  25  or  50  per  cent.,  and  he  will  do  it. 

Many  motors  for  machine  tool  driving  are  so  constructed 
that  the  speed  may  be  increased  to  double  the  normal  speed 
simply  by  varying  the  exciting  current  in  the  shunt  winding, 
which  is,  of  course,  much  more  efficient  than  inserting 
resistance  in  the  main  circuit  for  varying  the  speed.  If,  in 
addition  to  this,  the  motor-armature  be  double-wound  with 
two  commutators,  a  variation  of  i  14  or  more  can  be 
obtained,  since,  by  connecting  the  windings  in  series  or 
parallel,  the  speed  can  be  halved  or  doubled  as  desired. 
Also  the  graduations  of  speed  can  be  made  much  finer  than 
by  step  cones  and  back  gear,  so  that  it  is  possible  to  get  the 
correct  speed  for  almost  any  variety  of  work  put  on  the 
machine.  It  is  quite  a  common  thing  to  have  15  or  20 
steps  on  the  regulating  switch,  and  an  equivalent  number  of 
different  speeds.  While  speaking  of  this  matter,  it  may  be 
mentioned  that  machine  tools  might  in  many  cases  be  much 
improved  in  this  respect  for  ordinary  belt  driving ;  the 
graduations  of  speed  on  many  lathes,  &c,,  are  not  satis- 
factory, and  the  machine  tool  makers  seem  to  have  paid 
very  little  attention  to  this  point  in  the  past,  although  it  is 
receiving  more  now. 

The  possibility  of  a  wide  range  of  speed  is,  in  the 
author's  opinion,  a  very  strong  argument  in  favour  of 
continuous  current  motors  in  engineering  works  as  against 
alternating  current  motors.  With  single  phase  motors, 
whether  synchronous  or  self-starting  induction  motors,  it  is 
not  practicable  to  vary  the  speed,  since  both  classes  depend 
more  or  less  on  running  in  step  with  the  generating  plant. 
With  two-  and  three-phase  motors  the  same  objection  exists, 
though  not  in  the  same  degree.  The  speed  can  be  varied 
by  special  devices,  but  the  author  understands  that  when 
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running  below  their  normal  speed  they  are  very  inefficient. 
He  has  no  actual  experience  with  them,  and  it  will  be  very 
interesting  probably  to  most  of  us  if  anyone  can  give 
further  information  on  this  point  in  the  discussion.  The 
author  regrets  that  he  has  to  confess  his  ignorance  on  this 
subject;  but,  according  to  President  Perry's  address,  many 
other  engineers  are  in  the  same  lamentable  state.  This  is 
not  a  paper  on  the  relative  merits  of  direct  and  alternating 
current  supply  for  motors ;  but  the  question  of  speed 
variation  is  one  which  should  not  be  lost  sight  of  by 
engineers  when  debating  which  system  to  install  in  their 
workshops  or  shipyards. 

Since  writing  this,  the  author  has  read  the  excellent 
paper  given  before  the  Manchester  Section  of  the  Institution, 
by  Mr,  H,  A,  Earle,  on  the  relative  advantages  of  direct  and 
alternating  current  distribution,  which  states  in  a  much 
better  and  clearer  form  than  has  hitherto  been  published 
the  points  for  and  against  each  system. 

Another  advantage  of  applying  separate  motors  to  in- 
dividual machines  is  found  when  it  becomes  necessary  to 
work  overtime  in  the  shops.     It  may  so  happen — and  often 
does  in  the  authof's  experience — that,  although  the  shops  in 
general   are    not    overcrowded  with   work,   a  tremendous 
amount  may  have  accumulated  for  some  particular  class  or 
group  of  machines.     It  is  obviously  very  uneconomical  to 
run  the  whole  of  the  shafting,  belting,  main  engines  and 
boilers  for  the  sake  of  one  or  two  machines  till  seven  or 
nine  o'clock  every  evening,  but  yet  the  work  must  be  got 
through.     One    cannot    purchase    new    lathes    or    boring 
machines  at  a  few  days'  notice — in  this   country,  at   any 
rate — nor  would  it  be  advisable  or  profitable  to  do  so,  if 
the  large  increase  in  this  particular  class  of  work  is  merely 
temporary,   as   is  generally  the   case.     But    if    the    works 
manager   be   fortunate   enough    to    have    these    machines 
electrically  driven  by  their  own  special  motors,  his  difficulty 
is  solved,  for  it  is  possible  to  work  any  amount  of  overtime 
without  serious  increase  of  establishment  charges.     More 
fortunate  is  he  still  if  a  supply  of  energy  be  available  from 
a  storage  battery   or   from   the  town   mains.     It    is    then 
possible  to  run  night  and  day  by  putting  a  double  shift  of 
men  on,  until  the  accumulation  of  work  at  these  machines 
has  been  got  rid  of.     It  is  even  possible  to  take  advantage  of 
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a  double  shift  on  machines  which  are  driven  from  the  main 
shafting,  as  a  rule,  by  putting  down  a  temporary  motor  on 
the  floor  to  drive  the  machine  at  night,  while  through  the 
day  it  may  be  driven  either  from  this  motor  or  from  the 
shafting  as  before. 

Just  now,  at  the  works  with  which  the  author  is  con- 
nected, there  is  a  large  amount^of  work  for  which  only  two  or 
three  machines  in  the  shops  are  well  adapted,  so  two  of  these 
have  been  running  night  and  day  for  some  months   past. 
One  is  a  horizontal  boring  mill,  which  is  always  driven  by 
its  own  motor ;  the  other  is  a  large  face-plate  lathe  of  the 
ordinary  pattern,  usually  driven  by  belt  from  the  shafting. 
At  night,  the  belt  is  left  on  the  loose  pulley  of  its  counter- 
shaft, and  a  belt  is  slipped  on  to  the  fast  pulley  from  a 
portable  motor — with   spur  reduction  gearing  attached — 
which  is  spiked  down  to  the  floor  behind  the  lathe.     The 
starting  and  regulating  switches  are  temporarily  fixed  on  the 
front  of  the  lathe  headstock,  convenient  to  the  man's  hand. 
These  machines  and  the  necessary  lights  are  run  from  the 
storage   battery   at  present.      Probably,   before    long,  the 
continuous-current   supply  from    the    Newcastle    Electric 
Supply  Company  will  be  available  for  this  or  any  other 
purpose.    Again,  in  the  event  of  an  urgent  repair  or  break- 
down, work  must  sometimes  go  on  without   intermission, 
and  in  such  cases  it  is  very  convenient  to  be  able  to  put 
down  a  motor  at  an  hour's  notice,  to  run  any  machine  all 
night.    A  few  weeks  ago,  a  motor  at  one  of  the  shipyards 
on  theTynegot  accidentally  damaged  by  water  or  otherwise. 
The  field-magnet  coils  were  brought  to  the  works  at  4  p.m. 
to  be  rewound,  and  were  wanted  as  early  as  possible   the 
next  morning.     Shortly  after  5  p.m.  the   magnet-winding 
lathe  was  belted  to  a  motor  and  ready  for  running  all  night, 
and  the  repairs  effected  by  6  o'clock  next  morning. 

It  often  happens  that  contracts  are  taken  for  manufactur- 
ing machinery  of  a  larger  size  than  any  of  the  regular  tools 
in  the  shops  are  capable  of  dealing  with.  It  is  then  a  case 
of  rigging  up  special  appliances,  and  carrying  them  to  the 
castings  to  be  operated  on.  For  instance,  some  large  steel 
rings  for  the  yokes  of  multipolar  dynamos  were  far  too  large 
for  any  of  the  lathes  or  boring  machines  to  deal  with.  So  a 
boring  bar  was  made,  with  standards  easily  adjustable  for 
height ;  the  magnet-rings  were  fixed  to  the  slide-rails  of  the 
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used  in  driving  the  shafting.     In  one  case  the  loss  was  80 
per  cent. 

The  author  has  made  some  tests  recently,  the  results  of 
'which  are  given  below.     A  length  of  100  ft.  of  2^  in.  diam. 
shafting,  running  at  150  revolutions  per  minute,  to  which 
twenty-four   machines  were  belted,  took  to  drive  it  light, 
45  per  cent,  of  the  power  necessary  when  all  the  machines 
were  in  use.     In  another  case,  the  power  taken  to  run  the 
shafting  and  belting  on  the  four  floors  of  a  works  was  56  per 
cent,  of  the  average  power  required  when  the  shops  were  in 
full  swing.     The  motor  used  for  driving  was  belted  to  the 
centre  of  the  shafting  on  the  first  floor.     On  the  ground  and 
first  floors  the  shafting  is  2  J  in.  diam.,  and  a  total  length  of 
240  feet,  running  at  about  130  revolutions  per  minute.     To 
this  shafting  are  belted  71  machines  of  all  classes,  the  ground 
floor  chiefly  lathes  and  planers,  and  the  first  floor  light  brass- 
finishing  machines  chiefly.     There  is  about  100  feet  of  2  in, 
shafting  on  the  second  floor,  running  at  150  revolutions  per 
minute,   driving   twenty-one*  machines,   chiefly  for   brass- 
finishing  work  and  magnet-winding  ;  and  a  short  length  of 
I J  in.  shafting  on  the  third  floor.     The  loss  of  power  in  the 
line  shafting  and  belting  is  going  on  continuously  during 
working  hours ;  whereas,  with  motors  to  individual  tools, 
whatever  loss   there   may   be   in    the    leads,   motors,   and 
reduction  gearing,  is  not  continuous,  for   the   motors  are 
stopped  when  the  machine  is  not  at  work,  through  changing 
work,  or  setting  fresh  tools,  &c.     There  is  thus  a  further 
gain  in  this  respect. 

With  regard  to  the  total  h.p.  of  motors  installed,  and  the 
average  power  used,  it  is  in  most  cases  possible  to  put  down 
a  much  greater  collective  h.p.  in  motors  than  the  power 
station  is  capable  of  supplying,  for  it  seldom  happens  that 
the  whole  of  the  motors  are  called  upon  to  develop  their  full 
power  simultaneously.  The  ratio  seems  to  vary  within 
pretty  wide  limits.  It  is  stated  that  in  the  Baldwin  Loco- 
motive Works  only  1,300  h.p.  serves  about  3,100  h.p.  of 
motors,  a  ratio  of  i  :  2*4.  In  the  Bullock  Electrical 
Manufacturing  Company's  Works  it  is  stated  that  for  127 
h.p.  of  motors  and  lighting  installed,  the  average  load  for 
working  hours  is  only  27  h.p.,  a  ratio  of  i  :  4*8.  This  is 
rather  a  different  case,  however,  since  the  lighting  is 
included.     Probably  a  ratio  of  i  :  2  will  in  most  cases  be 
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ample  allowance  for  a  shop  using  separate  motors  to  each 
machine,  the  amount  of  power  for  lighting  not  being 
included. 

Until   electric    motors     came     into     use    for     driving 
machine  tools,  very  hazy  notions  seemed  to  prevail   as  to 
how  much   power  a   machine  of  a   certain   class  or  size 
demanded,  and  those  who  were  least  well  informed  were 
frequently  the    makers    of    the    machines.    A    somewhat 
striking  instance   of  this   may  be  mentioned.      A    special 
form   of  grinding  machine,  for  trueing   up   the   edges  of 
armour-plates,  was  put  down  at  some  steel   works.      The 
manager  asked  how  much  power  would  be  required,  and 
the  makers  told  him  6  h.p.     He  thought  he  would  be  on  the 
safe  side,  so  ordered  a  motor  to  develop  lo  h.p.    When  this 
was  put  to  work  complaints  were  made  to  the  electrical  firm 
who  made  the  motor  that  it  w^ould  not  do  its  work ;  and  as 
this  was  their  first  experience  of  electrical  driving,  and  they 
w^ere  contemplating  putting  in  a  big  power  plant,  they  were 
much  perturbed,  and  did  not  think  electric  driving  was  up 
to  much.     The  electrical  firm  was  very  anxious  to  reassure 
them  on  this  point,  and  the  author  was  sent  down  to  in- 
vestigate matters.    It  was  found  that  the  motor  was  supplied 
with  current  from  a  small  engine  and  dynamo  of  about  25 
or  30  h.p.  used  for  lighting,  and  the  grinding  machine  was 
demanding  more  energy  than  the  engine  was  capable   of 
developing,  and  practically  pulling  it  up   short   every  few 
minutes.      This    was  explained   and  demonstrated   to   the 
directors  and  managers,  and  permission  was  given  to  couple 
the  motor  up  to  a  much  larger  dynamo  used  for  welding. 
It  was  then  found  that  the  grinding  was  done  in  a  highly 
satisfactory  manner,  but  the  motor  was  absorbing  nearer  35 
or  40  h.p.  than  the  10  h.p.  for  which  it  was  built.     It  con- 
tinued to  do  this  for  some  months,  occasionally  demanding 
even  60  h.p. — a  striking  testimony  surely  to  the  good  qualities 
of  the  motor.      This  result  was  highly  satisfactory  to  all 
parties  concerned,  as  there  is  now  a  power  station  with  four 
sets  of  200  h.p.  each,  and  a  corresponding  load  of  motors 
for  driving  machine  tools  of  all  classes. 

Let  us  pass  on  to  the  various  applications  of  electric 
•^^wer.     Travelling  Cranes  are  now  almost  invariably  driven 

•electric  motors,  and  every  one  agrees  that  this  is  an  ideal 
4  of  applying  power  to  this  class  of  machinery.     The 
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question  of  three-motor  versus  one-motor  cranes  has  been 
much  discussed.  Possibly  we  shall  have  further  discussion 
to-night.  The  balance  of  opinion  seems  to  be  in  favour  of 
three-motor  cranes,  though  the  one-motor  type  can  be  made 
to  work  quite  as  satisfactorily,  in  spite  of  what  interested 
parties  say.  One  firm  of  crane-makers  who  advocate  the 
three-motor  type  to  the  exclusion  of  the  other,  built  one  of 
their  earliest — if  not  the  very  first — cranes  for  a  single-motor 
drive,  and  their  experience  with  this  has  apparently  been 
sufficient  to  change  their  views  utterly.  But  the  fault  did 
not  lie  in  the  single-motor  drive  ;  it  was  the  bad  design  and 
workmanship  of  the  mechanical  parts  of  the  work — gearing, 
clutches,  etc. — which  caused  the  whole  of  the  trouble.  The 
author  speaks  feelingly,  as  this  particular  crane  was  a  source 
of  continual  worry  and  trouble  for  over  a  year  while  under 
his  control,  until  another  firm  practically  rebuilt  the  crab, 
remodelled  the  gearing,  etc. 

If  it  be  a  case  of  putting  in  an  entirely  new  crane,  pro- 
bably the  three-motor  type  is  advisable ;  but  where  an  existing 
crane  has  to  be  altered  from,  say,  a  square-shaft  drive,  it  is 
decidedly  simpler  and  more  economical  to  apply  a  single 
motor  to  drive  the  transverse  shaft,  and  leave  all  the  gearing 
and  clutches  as  before.  The  author  has  had  experience 
with  several  highly  satisfactory  examples  of  this  arrange- 
ment. Liquid  switches  are  a  very  convenient  form  of 
controlling  gear  for  crane  motors.  • 

One  or  two  somewhat  interesting  applications  of  motors 
to  cranes  have  been  made  at  Messrs.  J.  H.  Holmes  and 
Co.'s  works.  In  the  machine  shop  there  are  three  Tangye 
hand  travelling  cranes  in  one  bay.  Since  the  time  these 
were  put  up,  the  size  of  dynamos  constructed  has  increased 
so  enormously  that  it  was  a  very  slow  business  handling  the 
heavy  castings  now  dealt  with.  It  was  a  somewhat  difficult 
problem  how  to  apply  motors  to  the  lifting  motion,  owing  to 
the  limited  space  between  the  crane  girders,  and  the  absence 
of  head-room.  However,  a  motor  was  suspended  under  the 
girders  in  a  wrought-iron  framing  bolted  to  the  crab.  As 
this  was  of  necessity  somewhat  lacking  in  rigidity,  a  spur  or 
worm-gear  reduction  was  out  of  the  question.  So  an 
ordinary  i-inch  pitch  bicycle  chain  gear  was  used  to 
transmit  the  power  from  the  motor  shaft  to  the  hoistin; 
gear,    A  stock  size  of  sprocket  wheel  was  screwed  on  th 
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motor  shaft,  and  a  steel  disc  about  i8  inches  diameter  was 
cut  in  the  milling  machine  to  fit  the  chain,  and  this  was 
fixed  to  the  hoisting  spindle. 

A  5-ton  traveller  was  first  altered  in  this  way,  current 
being  supplied  to  the  motor  through  a  flexible  cable  from  a 
plug  and  socket  on  the  wall  near  the  works  entrance,  where 
most  of  the  loading  and  unloading  is  done.  It  proved  so 
successful,  however,  that  wires  were  soon  stretched  along 
the  shop  in  the  usual  way,  so  that  the  motor  could  pick  up 
current,  and  the  power  lift  be  used  from  any  position  in  the 
shop.  A  3-ton  crane  has  also  been  fitted  with  the  same 
arrangement.  The  third  crane  in  the  bay  has  not  been  so 
fitted,  and  it  is  interesting  to  see  how  the  shop  labourers 
will  always  go  and  fetch  one  of  these  power-cranes  from  the 
other  end  of  the  shop  if  any  heavy  stuff  has  to  be  lifted, 
rather  than  use  the  hand-crane  which  happens'to  be  close 
by.  It  should  be  made  clear  that  electric  power  is  only 
applied  to  the  lifting  of  these  cranes,  and  not  to  the  travel 
and  the  traverse  of  the  crab.  The  saving  of  time  in  lifting 
heavy  weights  is  enormous.  The  motors  are  scries  wound, 
so  the  speed  of  lift  automatically  regulates  itself  according  to 
the  load  to  be  lifted. 

Another  rather  novel  application  of  power  has  been 
made  to  a  similar  3-ton  hand  crane  on  the  floor 
above.  It  used  to  be  a  very  slow,  laborious  job  to  lift 
heavy  machinery  from  the  ground  floor  to  the  first  floor 
through  a  hatchway,  the  height  of  the  lift  being  about 
18  feet.  So  a  motor  was  fixed  down  permanently  on  the 
floor  at  one  end  of  the  hatchway,  and  a  cast-iron  pocket 
wheel  to  fit  the  hand  hauling  chain  was  keyed  to  the  motor 
shaft.  The  motor  is  fixed  in  such  a  position  that  when  the 
hauling  chain  has  been  slipped  over  the  pocket  wheel,  and 
the  crab  moved  slightly  across  the  shop  to  tighten  the  chain 
sufficiently,  the  crane  hook  is  in  the  centre  of  the  hatchway. 
By  this  means  a  load  can  be  lifted  from  the  ground  floor  in 
about  two  minutes,  which  formerly  used  to  take  four  men 
about  half  an  hour  to  do.  Of  course,  in  this  instance  the 
power  lift  is  only  applicable  at  this  particular  spot ;  but,  to 
enable  loads  to  be  moved  about  the  shop,  it  is  usually  only 
necessary  to  raise  them  a  few  inches  from  the  floor,  which 
is  not  a  long  operation  by  hand.  A  similar  arrangement  has 
been  fitted  to  a  crane  on  the  second  floor  also. 
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One  very  neat  method  of  applying  motors  to  machines  is 
to  suspend  the  motor  on  a  hinged  frame  attached  to  the 
joists  under  the  floor,  and  drive  by  a  belt  coming  up  through 
the  floor.  The  weight  of  the  motor  keeps  a  tension  on  the 
belt,  and,  of  course,  with  a  large  motor  it  must  be  partially 
counterbalanced  to  prevent  too  great  a  tension.  Several 
machines  in  the  pattern  shop  at  Messrs.  J.  H.  H.  &  Co.'s  are 
driven  in  this  manner,  there  being  a  basement  below  the 
shop.  Circular  saws  and  band  saws  are  so  driven,  and  a 
great  deal  of  floor-space  is  thus  saved. 

There  is  a  somewhat  novel  application  of  a  motor  in  the 
pattern  shop.  It  was  necessary  to  provide  a  much  larger 
lathe  for  turning  up  big  magnet-ring  patterns  and  similar 
things,  and,  as  there  was  a  five-horse  power  slow-speed 
motor  available — the  normal  speed  being  150  revolutions 
per  minute — it  was  mounted  on  a  cast-iron  stool,  and  a  disc 
flywheel  attached  to  the  armature  shaft  direct,  to  form  a 
chuck  or  face-plate,  to  which  work  could  be  fixed  in  the 
usual  way.  Proper  provision  was  made,  of  course,  for 
taking  up  all  end-play  of  the  armature.  Some  dynamo  slide 
rails  were  bolted  to  the  floor  in  front  of  the  motor,  and  a 
cast-iron  pillar  to  support  the  T-rest  can  be  moved  in  any 
direction  on  these  rails  to  suit  the  work.  This  novel  lathe 
will  swing  work  up  to  about  seven  feet  diameter,  and  has 
proved  very  successful.  The  speed  can  be  varied  from  150 
to  600  revolutions  per  minute  by  shunt-resistance.  An 
ordinary  lathe  to  swing  this  diameter  of  work  would  have 
been  an  expensive  matter.  Also,  it  was  possible  to  fix  this 
close  against  the  wall,  thus  taking  up  much  less  space  than  a 
lathe  would  occupy. 

A  radial  drilling  machine  for  drilling  and  tapping  up  to 
2  in.  diam.  holes  is  driven  by  a  two  horse-power  motor,  the 
gearing  being  a  Hans  Renold  silent  driving  chain.  The 
motor  is  mounted  on  the  cast-iron  box  containing  the  gear 
wheels  of  the  machine  at  the  back  of  the  pillar,  the  distance 
between  centres  of  motor  and  machine  shafts  being  only 
about  two  feet.  The  starting  and  speed  regulating  switches 
are  mounted  on  the  pillar,  close  to  the  man's  hand. 

While  speaking  of  drilling  machines,  mention  should  be 
made  of  the  application  of  electric  motors  and  flexible  shafts. 
The  motors  are  usually  mounted  with  their  reduction  gear 
complete  on  wheels,  so  that  they  can  be  readily  run  about 
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from  one  place  to  another.  The  "  Stow  "  flexible  shafts  are 
usually  about  eight  feet  long,  and  are  coupled  to  the  motor 
shaft  by  a  universal  joint  coupling.  The  shaft  may  l>e 
curved  and  bent  ni  any  direction,  and  with  a  suitable  drill 
press,  holes  up  to  2  in.  diam.  can  be  drilled  with  a  i  J  h.p. 
motor.  The  convenience  of  these  outfits  in  shipbuilding, 
bridge,  and  building  construction  can  only  be  realised  after 
they  have  been  employed.  The  current  is  conveyed  to  the 
motors  by  an  armoured  flexible  cable,  which  may  be  of  any 
length  required.  Smaller  motors  and  flexible  shafts  for  use 
with  a  breast  drill  press,  for  holes  up  to  f  in.  diam.  are  also 
largely  used.  In  many  cases  a  self-fixing  magnetic  drill 
post  can  be  used  with  advantage  in  place  of  the  ordinary 
*' swan-neck."  These  magnetic  pillars  or  posts  hold  on 
with  an  astonishing  force.  The  author  tested  one  in  drilling 
a  hole  I J  in.  diam.  in  cast  iron,  the  magnet  only  taking 
rather  less  than  i  ampere  at  120  volts.  The  weight  of  the 
post  was  about  50  lbs.,  and  it  required  a  direct  pull  of  16  cwL 
to  detach  it  from  a  rough  machined  steel  surface. 

Another  very  neat  portable  drilling  tool  w^as  brought  out 
a  year  or  two  ago  by  one  of  the  leading  electrical  firms  in 
the  country,  for  drilling  small  holes  rapidly  in  the  thin  deck 
plating  of  torpedo  boats.  This  motor  and  reduction  gear  is 
enclosed  in  a  metal  case,  with  the  drill  projecting  at  the 
bottom.  There  are  two  handles,  one  at  each  side,  on  which 
the  workman  presses  when  drilling,  and  by  which  the 
machine  is  carried  from  point  to  point.  It  only  weighs 
about  60  lbs.,  if  the  author  remembers  rightly.  A  test,  made 
in  one  of  the  shipyards  on  the  Clyde,  proved  that  about  600 
holes  3/16  in.  diam.  could  be  drilled  through  a  plate  ^  in. 
thick  in  one  hour. 

Perhaps  driving  a  planing  machine  with  a  separate  motor 
is  about  the  most  severe  work  to  which  a  motor  can  be  put, 
as  the  load  at  the  moment  of  reversal  with  a  great  weight  on 
the  table  runs  up  to  three  or  more  times  the  normal  current. 
If  a  motor  drives  the  planer  by  open  and  crossed  belts,  and 
runs  continuously  in  the  same  direction,  a  heavy  flywheel 
on  the  motor  shaft  is  of  great  assistance  in  helping  it  over 
this  sudden  strain.  In  one  case  with  which  the  author  had 
to  do,  a  very  large  vertical  and  horizontal  planer — or  wall 
planer,  as  it  is  sometimes  called — was  driven  by  a  compound- 
wound  motor,  with  the  series  helping  the  shunt,  and  thus 
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the  considerably  higher  speed  at  which  the  motor  runs  at 
light  load  was  of  advantage  in  the  return  or  non-cutting 
stroke. 

Another  case  of  power  being  under-estimated  by  the 
machine  tool  makers  was  in  the  case  of  a  slab  milling 
machine  for  milling  surfaces  up  to  i8  in.  or  20  in.  wide. 
For  a  specified  depth  of  cut  and  rate  of  feed  they  estimated 
it  would  require  6  h.p.  to  drive  it,  whereas  it  was  found  that 
the  power  absorbed  was  nearer  15  h.p.  Two  motors  were 
applied  to  this  milling  machine  eventually,  one  to  drive  the 
cutter  and  the  other — a  smaller  one — to  drive  the  feed 
motion  and  table.  In  both  cases  the  speed  could  be  varied 
within  very  wide  limits  by  means  of  resistance  in  the  shunts. 
The  feed  and  speed  being  entirely  independent,  was  found 
of  great  advantage  in  this  case.  A  comparison  was  made 
between  a  slab  milling  machine,  using  a  fluted  spiral  cutter 
of  the  ordinary  pattern  for  heavy  work,  and  a  machine  which 
was  really  a  cold  sawing  machine,  but  which  was  fitted  with 
a  milling  or  facing  head,  having  inserted  tools  or  cutters. 
It  is  interesting  to  note  that  the  latter  class  of  milling  only 
absorbs  about  one-half  the  power  for  a  given  weight  of 
material  removed  in  a  given  time.  This  is  due  to  the  fact 
that  the  cuttings  are  much  larger  and  thicker,  similar  to  the 
cut  of  a  lathe  or  planer,  while  the  ordinary  milling  cutter 
removes  the  metal  in  very  much  finer  particles. 

Horizontal  boring  and  drilling  machines  can  very  suitably 
have  the  motor  mounted  on  the  rising  and  falling  head  or 
saddle  of  the  machine,  and  geared  direct  by  spur  gearing. 
A  machine  of  this  class  has  been  so  fitted  recently.  It  was 
formerly  driven  from  the  main  shafting  and  a  countershaft. 
A  jockey  pulley  and  weight  arrangement  was  necessary  to 
keep  tension  on  the  driving  belt,  for,  when  the  saddle  of  the 
machine  was  raised  or  lowered  to  suit  the  work,  the  length 
of  the  belt  varied  greatly,  the  drive  being  at  an  angle  of 
about  60  degs.  The  application  of  the  motor  has  dispensed 
with  this  unsightly  an*angement,  and  has  enabled  the 
machine  to  be  moved  to  a  more  convenient  position  at  the 
opposite  side  of  the  bay. 

It  is  sometimes  more  convenient  for  lifting  work  on  and 
off  certain  classes  of  machines — say,  horizontal  lathes  and 
radial  drills — if  they  are  fixed  at  right  angles  to  the  walls  or 
columns.    This   is  not   usually  very  practicable  with   belt 
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driving  from  the  shafting,  but  can  be  readily  arranged  when 
driven  by  separate  motor.  A  boring  mill  was  arranged  in 
this  manner  recently,  the  countershaft  being  supported  at 
one  end  by  a  hanger  bearing  under  the  travelling  crane 
gantry  and  at  the  other  end  by  a  pedestal  bearing  fixed  on 
the  top  of  the  boring  mill.  The  motor  was  fixed  on  an 
angle  bracket  bolted  to  the  side  of  the  machine,  and  is  belted 
to  the  countershaft  by  a  short  belt.  The  switches  are 
arranged  at  the  opposite  side  of  the  machine,  near  the  feed 
handles,  &c. 

In  the  case  of  very  large  and  comparatively  slow  running 
lathes  and  boring  mills,  a  motor  is  sometimes  coupled  direct 
to  one  of  the  cone  pulleys  of  the  machine,  and  mounted  on 
a  bracket  on  the  wall,  to  drive  down  to  the  cone  pulley  of 
the  machine.  Or,  if  a  motor  with  very  large  range  of  speed 
be  used,  it  is  coupled  direct  to  the  lathe  gearing,  and  so 
dispenses  with  the  cone  pulleys  and  belt  altogether.  Some 
very  large  lathes  for  ordnance  work  had  hinged  frames 
attached  at  the  back  of  the  headstock.  A  cone  pulley 
corresponding  to  the  lathe  cone  was  fitted  on  the  motor 
shaft,  and  the  motor  mounted  on  the  hinged  frame.  The 
weight  of  the  motor  then  kept  the  requisite  tension  on  the 
belt,  as  it  tended  to  fall  away  outwards  from  the  headstock. 
A  very  short  belt  was  sufficient,  and  the  arrangement  took 
up  very  little  space.  In  connection  with  one  of  these  large 
lathes,  when  first  fitted  with  a  motor  the  workman  in  charge 
was  very  sceptical  about  how  much  work  he  could  turn  out 
of  his  lathe.  He  asked  how  big  a  cut  he  might  put  on  with- 
out pulling  it  up,  and  was  told  to  put  on  all  he  could.  He 
was  turning  a  heavy  gun  forging  of  about  30  tons,  and  there 
were  two  saddles  on  the  lathe  with  four  tools  in  each.  When 
he  got  them  all  taking  their  full  cut  he  was  very  much 
astonished  that  it  apparently  made  not  the  slightest  difference 
to  the  motor,  which,  of  course,  ran  as  quietly  and  practically 
at  the  same  speed  as  before.  He  was  genuinely  converted 
to  electric  driving. 

A  very  convenient  little  tool  can  be  made  by  mounting  a 

small  motor,  say  J  h.p.,  on  a  square  steel  bar,  and  attaching 

an  emery  wheel  direct  to  the  armature  spindle.    If  any  lathe 

centres  have  to  be  trued  up,  this  apparatus  can  be  bolted  on 

e  tool  post  of  the  saddle,  and  readily  used  to  grind  up  the 

centre. 
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Nothing  has  been  said  about  the  relative  merits  of  various 
forms  of  gearing,  as  this  seems  rather  outside  the  scope  of 
an  electrical  paper.    The  question  as  to  which  is  best  suited 
for  a  particular  purpose  depends  largely  on  the   circum- 
stances  of  each   case ;   but   direct-coupling,  belting,   pitch 
chains,  Hans  Renold  chains,  spur  worm  and  friction  gear- 
ing, have  all  been  used   with  very    satisfactory  results  in 
electrically-driven  machine  tools.     The  author  may  mention 
that  a  most  interesting  friction  gear  for  reducing  speed  has 
recently  been  brought  out  by  a  gentleman  named  Brown, 
and  is  called  the  "  Twentieth  Century  Gear."     It  seems  to 
have  some  excellent  points  for  use  in  connection  with  small 
high-speed  motors,  though  no  figures  are  available  yet  as  to 
its  wearing  qualities.     It  is  an  internal  rim  friction  device 
with  three  rollers,  two  of  which  revolve  on  fixed  spindles, 
while  the  other  is  free  to  change  its  position  somewhat 
according  to  the  torque.    The  low-speed  friction  driven  rim 
or  pulley  is  concentric  with  the  motor  spindle,  and  takes  up 
no  more  space  than  an  ordinary  pulley  would  do.    The 
efficiency  seems  to  be  remarkably  high.    Worm  gearing  is 
often  employed  where  a  very  large  reduction  of  speed  is 
necessary,  and  in  cases  where  it  is  important  that  motion 
cannot  be  transmitted  in  the  opposite  direction,  for  instance, 
in  hoisting  motions  of  cranes,  where  the  load  will  be  self- 
sustaining,  with  a  single  or  double-threaded  worm.    Worm 
gear  is  somewhat  expensive  to  make.   Spur  gearing  is  largely 
employed,  and  cut  gears  are  used  in  nearly  all  cases  for  high- 
speed work.    The  use  of  raw-hide  pinions  has  proved  of 
great  advantage  in  motor  reduction  gearing,  and  runs  very 
quietly.    Chain  gearing  is  very  suitable  in  many  cases  where 
the  drive  is  short,  though  too  great  or  not  rigidly  enough 
fixed  to  enable  spur  gearing  to  be  used.     It  is  generally 
less  noisy  than   spur  gearing,  and  has  the  advantage   of 
positive  drive,  which  belting  has  not.   Direct-coupled  motors 
are  useful  for  machinery  which  runs  at  a  high  speed,  such  as 
fans,  blowers,  grinding   machinery,    &c.     For    slow-speed 
machinery  they  become  very  heavy,  and,  of  course,  more 
costly,  and  rather  less  efficient ;  though  the  absence  of  noise 
and  wear  and  tear  of  gearing,  &c.,  compensates  for  these 
points  in  many  cases. 

In  conclusion,  it|is  not  necessary  to  dwell  upon  the  advan- 
tages of  electric  power  transmission  in  general,  over  shafting 
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and  gearing  in  factories — these  are  becoming  fully  recognised 
in  all  branches  of  manufacture,  and  the  reasons  are  not 
difficult  to  find.  In  nearly  all  cases  works  grow  in  size,  and 
are  extended  and  added  to  bit  by  bit.  A  new  pattern  shop, 
new  foundry,  or  a  shop  for  any  special  purpose  may  be  built 
quite  apart  and  any  distance  from  the  main  building.  It  is 
hardly  necessary  to  state  how  much  easier  it  is  to  provide 
these  detached  shops  with  power  by  means  of  a  couple  of 
wires  and  a  motor,  than  in  the  old  method  of  erecting  a 
long  line  of  steam  piping  or  line  of  shafting,  involving 
perhaps  the  use  of  bevel  gearing  or  half-twist  belts,  to  say 
nothing  of  the  difference  in  efficiency.  If  works  were  put 
down  at  the  outset  for  the  maximum  output  they  were  ever 
to  attain,  some  of  these  advantages  of  electric  driving  would 
disappear  ;  but  is  this  ever  the  case  in  business  ?  A  works 
must  grow,  like  everything  else,  in  the  natural  course  of  thin^. 
Everyone  engaged  in  the  trade — or  shall  we  say,  "pro- 
fession ?  ** — of  electrical  engineering  is  anxious  to  see  the  use 
of  motors  extended,  and  if  this  short  paper  prove  of  some 
slight  assistance  towards  that  desirable  end,  by  directing 
attention  to  their  application  to  this  special  class  of  work, 
the  author  will  not  have  occupied  your  time  in  vain. 

We  are  indebted  to  the  courtesy  of  Messrs.  J.  H.  Holmes 
and  Co.  for  the  series  of  lantern  slides  with  which  the  paper 
has  been  illustrated.  Many  of  these  have  been  sp>ecially 
prepared  during  the  last  week  for  the  purpose  by  their  works 
photographer. 

Mr.  Alex.  Moir  :  I  think  Mr.  Ralph's  paper  has  been  an  eminently 
practical  one,  all  the  greater  in  value  because  it  has  dealt  to  a  great 
extent  with  motors  in  actual  use  at  Messrs.  Holmes'  works.  Recently 
I  had  an  opportunity  of  going  over  a  new  and  fairly  large  printing 
works  in  Yorkshire,  where  electric  driving  had  been  adopted.  Each 
printing-press  was  supplied  with  an  independent  motor,  and  the  pro- 
prietors, who  had  carefully  balanced  the  relative  advantages  and  costs 
of  steam  and  electricity,  were  more  than  satisfied  with  the  result  of 
their  decision  in  favour  of  the  latter.  They  had  saved  considerable 
capital  outlay,  and  owing  to  its  being  possible  to  run  just  such  motors 
as  were  really  required  to  do  actual  work,  at  any  hour  of  the  day  or 
night,  without  having  to  pay  for  attendance  upon  a  steam  engine  plant » 
turning  round  shafting  that  would  sometimes  have  been  only  very 
lightly  loaded,  real  economy  had  been  effected.  On  the  other  hand, 
m  instance  recently  came  under  my  notice  which  proved,  as  Mr.  Ralph 
•>s  indicated,  that  electro-motors  cannot  compete  at  present  with  other 
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descriptions  of  motive  power,  unless  the  economies  that  the  use  of   Mr.  Moir. 

motors  renders  possible  can  be  practised.     In  this  case  a  gas  engine 

was  used  for  driving  a  central  shaft  from  which  several  light  machines 

in  a  machine-tool  shop  were  driven.    The  weekly  gas  bill  was  £i  15s. 

To  have  replaced  this  engine  by  a  single  motor — it  was  not  possible  to 

use  more  than  one — would  have  cost,  at  existing  Tyneside  energy  rates, 

just  £^  per  week. 

Mr.  C.  TuRNBULL  :  I  think  the  tendency  in  the  future  will  be  Mr. 
more  and  more  to  use  portable  electrically-driven  tools,  especially 
for  big  work.  By  this  means  the  weight  of  heavy  castings  will  cease 
to  be  a  cause  of  great  expense  in  working,  as  they  will  not  need 
much  moving.  Mr.  Ralph  mentioned  a  case  in  which  a  temporary 
lathe  was  rigged  up  for  boring  out  a  magnet,  and  it  answered  very 
well.  The  question  arises,  Why  not  always  use  such  methods  and 
save  the  cost  of  large  tools?  It  would  seem  also  that,  in  works 
where  dynamos  aie  made,  generator-sets  on  test  might  be  used  to 
provide  power  for  use  in  the  factory.  If  this  could  be  done,  instead  of 
all  the  power  being  sent  to  waste,  there  would  be  a  great  saving.  The 
voltage  could  be  adjusted  by  negative  or  positive  boosters,  while  the 
load  could  be  kept  fairly  steady  by  means  of  supplementary  resistances. 
Integrating  wattmeters  could  be  used  to  measure  the  energy  given  off 
by  the  generator,  so  that  there  would  not  be  trouble  from  unavoidable 
variations  in  the  current  due  to  machines  driven  from  the  generator 
stopping  and  starting. 

Mr.  F.  Broadbent  :  I  agree  with  the  previous  speakers  as  to  the  Mr. 
practical  nature  of  this  paper  by  my  colleague,  Mr.  Ralph.  It  is  all 
the  more  valuable  in  that  it  tells  us  what  has  actually  been  done  and 
proved  by  experience  to  be  good  rather  than  theorises  as  to  what  might 
be  done.  It  is  a  little  disappointing,  however,  that  no  general  prin- 
ciples  are  laid  down  as  to  the  best  methods  of  motor  driving,  the  facts 
being  in  most  cases  merely  stated  and  no  conclusions  drawn. 

In  most  of  the  examples  given  the  question  of  convenience  appears 
to  have  been  the  chief  consideration  rather  than  that  of  cost :  that  is  to 
say,  that  it  has  generally  be6n  found  more  convenient,  having  cables 
handy  and  a  scrap  motor  in  stock,  to  make  use  of  these  instead  of 
fitting  up  new  shafting  and  pulleys  to  drive  the  particular  machine 
under  consideration.  In  many  of  the  examples  given  the  combined 
machine  and  motor  have  no  doubt  paid  for  themselves  in  a  very  short 
time,  and  this,  I  believe,  appHes  more  particularly  to  the  boring  mill 
mentioned,  which  paid  for  itself  on  its  first  job.  We  cannot,  however, 
generalise  from  these  data,  and  say  that  it  will  always  pay  to  drive  a 
boring  mill  by  a  motor.  No  ;  the  special  conditions  obtaining  in  this 
case  are  responsible  for  the  success.  This  bears  out  Mr.  Ralph's 
remark  that  each  case  must  be  considered  on  its  merits.  Apart  from 
special  conditions,  however,  one  would  think  that  some  general  rule 
might  be  made  for  machine  tool  driving  in  ordinary  engineering  shops 
as  to  the  smallest  size  of  motor  it  is  practicable  and  profitable  to  use. 
It  is  on  this  point  I  should  like  to  have  heard  more. 

As  to  the  losses  in  shafting,  we  have  come  to  believe  that  50  per 
cent,  is  a  fair  average  efficiency  to  obtain  for  shafting,  and  I  was  some- 
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what  surprised  on  recentiy  visiting  a  large  engineering  works  in 
Bradford,  where  certainly  the  advantages  of  motors  were  understood, 
to  find  that  motor  driving  was  only  adopted  in  a  few  cases,  whilst  the 
main  shafts,  newly  put  up,  were  driven  by  a  steam  engine.  The  owner 
assured  me  that  from  careful  tests  of  the  H.P.  used  in  driving  the 
shafting  light,  that  is  doing  no  work,  but  with  all  belts  on,  he  found  the 
efficiency  to  be  85  per  cent.  It  would  not  have  been  possible  by 
separately  driving  the  machines  by  motors  to  have  improved  on  that 

Notwithstanding  this,  however,  the  owner  intended  taking  one  or 
two  of  the  largest  machines  ofiF  the  shafting,  and  putting  in  separate 
motors,  because  of  the  time  wasted  in  shifting  the  belts  on  the  coned 
pulleys  to  get  the  various  speeds  required.  Now,  it  is  on  this  point  that 
I  must  disagree  with  Mr.  Ralph.  On  page  547  he  says,  "  The  average 
machine  hand  will  not  take  the  trouble  to  shift  his  belt  to  suit  the  size 
of  the  work  unless  he  is  constantly  watched  by  the  foreman."  He  puts 
this  down  to  laziness.  It  is  not  altogether  laziness.  In  the  case  just 
referred  to,  the  machines  were  very  large,  and  it  would  take  two  men  a 
considerable  time  to  shift  the  heavy  belt  from  one  pulley  to  the  next, 
and  as  this  speed  might  not  be  required  for  very  long,  the  same  amount 
of  time  would  be  wasted  in  shifting  the  belt  back  again  in  a  short  time. 
Now,  if  the  man  had  kept  the  belt  on  the  slow  speed  all  the  time,  and 
never  stopped,  he  would  probably  have  turned  out  just  as  much  work. 
It  is  here,  then,  that  the  advantage  of  motor  driving  comes  in.  Instead 
of  wasting  time  shifting  a  heavy  belt,  or  alternatively  keeping  the 
machine  on  the  slowest  speed,  you  have  only  to  move  the  handle  of  the 
regulating  switch  up  a  few  notches  to  get  just  the  speed  required.  In 
this  way  the  output  from  any  variable-speed  machine  can  be  very 
considerably  increased,  as,  instead  of  being  tied  to  three  speeds,  as  in 
cone-pulley  driving,  any  intermediate  speed  can  be  got  to  suit  the  work. 
In  the  case  of  printing  machine  driving,  the  use  of  motors  has  in  many 
cases  increased  the  turnover  by  25  per  cent,  and  as  wages  and  standing 
charges  are  not  increased,  this,  of  course,  means  greater  profits,  and 
the  cost  of  the  motor  is  soon  paid  for.  It  is  sometimes  difficult  to  show 
on  paper  any  advantage  in  installing  a  motor.  This  applies  more 
particularly  to  comparisons  with  gas-engine  driving.  Gas  seems  to  be 
far  cheaper  on  a  steady  load.  In  spite  of  this,  cases  are  known  in 
which  a  saving  has  been  shown  by  replacing  a  gas  engine  by  a  motor. 
The  reason  is  that,  except  in  rare  cases,  the  load  on  a  shaft  is  not 
constant,  and  whereas  a  gas  engine  takes  very  Httle  note  of  the  varia- 
tions in  load,  but  just  consumes  as  much  gas  as  though  doing  ifc> 
maximum  output  all  the  time,  a  motor  does,  on  the  contrary,  note  every 
little  irregularity,  and  its  consumption  of  energy  varies  in  proportion. 

These  two  points — the  variation  of  load,  and  thQ  variation  of  speed 
— are  to  my  mind  very  important  factors  to  consider  in  estimating  the 
costs  of  alternative  methods  of  driving. 

Mr.  R.  S.  DoBBiE  :  I  wish  to  join  in  congratulating  the  author  on 

his  paper.     In  speaking  of   the  loss  in  shafting,  I  have  seen  several 

cases  where  good  shops,  properly  laid  out  with  hangers  of  the  be^t 

description,  have  been  changed  over  from  a  steam  or  gas-engine  drive 

an  electrical  drive.     In  one  case  a  line  of  shafting  320  feet  long. 
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driving  eight  or  ten  very  heavy  machines,  absorbed  something  like  ^JjjIj 
14  H.P.  running  light,  with  all  the  machine  belts  on  loose  pulleys. 
When  all  these  heavy  machines  were  running,  the  average  power  taken 
was  at  first  about  28  H.P.,  and  I  thought  we  were  overrating  the  power 
required  for  the  machines,  but  found  that  it  was  one  of  the  snares 
which  the  author  has  mentioned,  and  that,  on  occasion,  much  more 
than  the  40  H.P.  provided  was  called  for.  Certain  machines  appear  to 
take  but  little  power,  but  the  conditions,  if  changed,  show  otherwise. 
In  the  case  of  the  power  necessary  for  a  generator,  I  have  lately 
installed  a  32-k.w.  generator  for  driving  shafting  in  an  emergency,  due 
to  a  fire.  Having  had  a  little  trouble,  I  found  that  we  had  a  load  as  high 
as  70  k.w.,  and  an  average  of  40  k.w.  was  called  (or,  which  shows  how 
carefully  we  must  install  these  things  in  order  to  get  good  results.  It  is 
not  only  the  initial  estimation  that  must  be  considered,  but  the  incre- 
ments that  come  from  continued  extension.  The  author  mentioned  a 
lO-H.P.  motor  demanding  60  H.P.  I  would  like  to  ask  how  much 
came  out  of  the  motor  under  these  circumstances.  I  can  sympathise 
with  the  trouble  of  the  lecturer  with  the  electrically-driven  single-motor 
cranes.  I  know  of  rope-driven  ones  that  have  been  converted  into 
single-motor  cranes,  but  they  have  never  worked  satisfactorily.  I  have 
seen  large  castings  held  on  a  planing  machine  by  magnetism.  Machines 
of  this  t\'pe  are  used  to  a  large  extent  in  planing  and  grinding  delicate 
work.  In  the  case  of  large  castings  strips  of  iron  and  the  like  arc  used 
to  prevent  end  movement.  In  America  I  once  converted  a  shop,  belt- 
driven  from  steam  engine,  into  an  electrically-driven  shop  ;  the  factory 
consisted  of  five  stories,  including  a  basement,  and  was  engaged  in 
making  small  machinery  weighing  two  or  three  hundredweight  com- 
plete. The  transmission  was  orif^nally  effected  by  means  of  belts  and 
occasional  bevel-wheels.  These  were  all  taken  out,  and  a  dynamo  was 
run  by  the  same  engine  that  previously  drove  the  belts,  and  the  saving 
in  power  was  something  enormous.  The  factory  originally  took  260 
H.P.  to  run  everything,  but  when  all  the  machinery  was  not  in  use  it 
absorbed  160  H.P.  In  the  case  of  electrical  driving  it  took  iC>o  H.P. 
to  drive  the  whole  shop,  and  when  everything  was  turned  off  the  H.P. 
indicated  was  only  the  friction  load  of  engine  and  dynamos  running 
light. 

Mr,  H.  H.  BicLASD  :  Many  of  us  have  felt  pleasure  at  hearing   Mr.Digiaiii 
Mr.  Ralph's  paper,  but  there  is  one  point  that  has  been  left  rather 
vague.    Several  have  spoken  somewhat  vaguely  of  small  motors.     1 
was  hoping  that  the  author  would  state  (he  actual  facts  or  would  give 
his  experience  of  the  smallest-sized  motors  which  he  has  put  down.  It  is 
d  matter  that  I  have  lately  had  under  consideration.    On  referring  one 
point  to  Messrs.  W.  H.  Allen.  Son  &  Co.,   Limited,  the   firm  with 
whom  I  am,  they  have  informed  me  that  at  their  Bedford  works,  in 
twelve  months,  small  portable  drills  have  paid  for  themselves,  and  they 
are  strong  advocates  of  "  small  motors "  (the  term  is  vague,  but  wc 
may  at  any  rate  say  as  low  as  }  H.P.)     In  most  cases   I   have  '•—- 
fully  looked  into,  I   think  they  will  be  found  economical.     1 
not,   however,  been  able    to    see   how,   in   the    case   of  quite 
lathes,  the  difhculty  of   the  tool  becoming  jammed   is  to    bi 
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Mr  wgund.  mounted.  I  am  anxious  to  know  whether  the  fuses  would  blow,  or 
what  damage  would  accrue  in  direct  driving.  These  are  serious 
difficulties  if  occurring  frequently.  The  question  of  gas-engine  driving 
appears  to  be  coming  to  the  front  if  we  credit  the  papers  on  Mona  gas. 
Indeed,  I  have  heard  of  a  firm  not  very  far  from  this  town  who  have 
had  experts  engaged  in  sifting  the  matter  thoroughly,  and  it  appears 
possible  that  direct  gas-engine  driving  coupling  short  lengths  of  shafts 
may  be  used  by  them  in  preference  to  electric  motors.  People  seem 
rather  to  have  ignored  the  fact  that  gas-engines  now  are  worthy  of 
consideration,  and  I  think  if  any  practical  gas  engineers  are  here  they 
^\411  question  what  Mr.  Broad  bent  says  about  the  consumption  of  gas 
being  almost  the  same  at  full  load  as  at  half-load  ;  but  these  are  all 
points  that  I  would  like  information  on. 

Rosiitfnoi  ^^'  ^^  Rossignol:  I  agree  with  the  remark  that  one  cannot  so 

much  discuss  the  paper  as  endorse  all  it  enunciates.  Mr.  Ralph's 
remarks  on  the  advantages  of  electrical  driving  are  very  much 
strengthened  by  the  fact  that  this  method  of  workshop  driving  is 
greatly  used  on  the  Continent  and  in  the  United  States.  I  recently 
visited  some  of  the  largest  locomotive  and  stationary  engine  works 
and  large  electrical  works  in  the  latter  country,  and  endeavoured  to  find 
out  why  the  Americans  were  able  to  turn  out  similar  articles  in  quicker 
time  than  can  be  done  in  this  country,  and  I  can  only  attribute  this  to 
the  far  greater  use  they  make  of  electrical  driving.  In  these  large 
works  the  principle  had  been  largely  adopted  of  tooling  and  finishing 
large  castings  by  means  of  machines  brought  to  the  work.  These 
machines  were  frequently  of  large  size,  were  electrically  driven,  and 
could  be  lifted  about  and  attached  to  the  work  without  any  difficulty, 
and  thus  large  pieces  could  be  completely  finished  without  once  being 
moved  from  their  place  or  even  turned  over.  Large  generator-rings 
up  to  any  diameter,  fly-wheels  up  to  forty  feet  in  diameter,  and  other 
heavy  pieces  of  machinery,  were  thus  dealt  with  at  a  very  small  cost- 
In  some  of  the  large  steel  works  the  whole  of  the  handling  of  the 
material  was  done  by  mechanical  means  :  large  electrical  cranes  lifted 
the  ingots  out  of  the  reheating  furnaces  and  deposited  them  on 
electrical  travelling  carriages.  These  carriages  tipped  them  on  live 
roller  gangs,  which  carried  them  to  the  rolls,  so  that  an  ingot  from  its 
start  from  the  furnace  was  not  touched  once  by  hand  till  it  came  to 
the  cooling-table  as  a  finished  rail  or  girder. 

There  is  no  doubt  that  great  economy  in  labour  can  be  effected  by 
an  extensive  adoption  of  electrical  driving  in  all  sorts  of  manufacturing 
processes,  and  in  time  I  trust  that  manufacturers  in  this  country  will 
come  to  see  the  benefits  which  can  be  obtained  by  this  means. 

Mr.  Mr.  A.  W.  Hkwisive  {Chairtnan) :  I  do  not  know  that  I  can  add 

Hcavihidc.  anything  important  to  this  very  interesting  subject ;  but  upon  the 
question  of  the  sub-division  of  power,  I  may  say  that  on  a  visit  to 
Switzerland  I  observed  in  a  silk  factory  at  VViidenschwyl,  on  the  banks 
of  the  Lake  of  Zurich,  that  every  girl  operator  had  her  own  electric 
motor.  These  would  he  probably  from  J  to  J  H.P.,  and  we  may  be 
sure  that,  with  a  thrifty  practical  race  like  the  Swiss,  the  motors  would 
not  be  there  if  they  were  not  commercially  successful.     In  my  opinton 
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there  is  no  question  that  the  electric  motor  must  predominate  if  the  Mr. 
current  can  be  had  at  a  reasonable  rate,  such  as  id.  to  i^.  per  unit,  as 
is  likely  to  be  the  case  in  this  neighbourhood.  In  that  case  the  gas- 
engine,  with  its  cost  of  up-keep  and  the  necessary  special  place  it 
must  occupy,  is  out  of  the  running.  You  cannot  put  a  gas-engine  in 
a  drawing-room,  whereas  you  can  put  an  electric  motor  there. 

Mr.  G.  Ralph  (in  reply) :    I  must  express  my  thanks  to  all  the   Mr.  Ralph, 
members  who  have  taken  part  in  the  discussion  for  their  kind  remarks, 
and  to  the  meeting  in  general  for  their  kind  reception  of  the  paper. 

Mr.  TurnbuU  makes  the  suggestion  that  during  the  testing  of 
dynamos,  the  power  might  be  utilised  for  driving  the  machinery  in  the 
works,  instead  of  running  the  current  to  waste  in  resistances.  As  a 
matter  of  fact,  this  is  often  done,  when  the  voltage  of  the  machines 
under  test  is  at  all  suitable.  It  so  happens  that  to-day  the  whole  of  the 
current  required  for  power  and  lighting  has  been  supplied  to  the  works 
from  a  steam  dynamo  running  under  a  ten  hours'  test.  A  considerable 
saving  of  fuel  can  be  effected  by  this  means.  I  am  glad  to  hear 
Mr.  he  Rossignol's  confirmation  of  the  views  expressed  as  to  the 
advantages  of  portable  tools,  &c.  Mr.  Moir's  kind  remarks  do  not  call 
for  any  reply. 

Mr.  Broadbcnt  thinks  that  too  much  stress  is  laid  on  convenience, 
rather  than  on  relative  cost.  I  admit  that  I  have  not  attempted  to  go 
into  the  question  of  cost,  with  which  he  is  far  more  competent  to  deal 
than  I  am.  But,  leaving  capital  outlay  out  of  the  question,  it  may 
fairly  be  said  that  when  convenience  is  aimed  at,  and  attained,  cost 
(or  wages)  is  reduced,  and  thus  one  factor  is  dependent  on  the  other. 
He  does  not  agree  with  me  on  the  point  of  shifting  of  belts  to  get  the 
correct  speed  on  machines.  Probably  in  the  case  of  large  heavy  belts 
he  is  right,  but  with  an  ordinary  3"  or  4"  belt  it  is  only  a  matter  of  a 
minute  or  two  to  shift  from  one  cone  step  to  another  ;  and  I  think  that 
most  shop  foremen  and  managers  will  agree  with  me  that  the  neglect 
of  utilising  the  means  provided  for  getting  the  most  work  out  of  tools 
is  largely  due  to  laziness  or  indifference  on  the  part  of  the  operator. 
With  regard  to  the  losses  in  shafting,  I  think  the  owner  of  the  particular 
factory  referred  to  is  to  be  highl)r congratulated  if  the  loss  is  only  15 
per  cent. 

Mr.  Broadbent,  and  Mr.  Bigland  also,  express  disappointment 
because  it  is  not  stated  definitely  what  is  the  smallest  size  of  motor  it 
is  profitable  and  practicable  to  lise  for  individual  machine  tool  driving. 
I  stated  that  I  considered  about  2  H.P.  was  a  reasonable  size  to  employ, 
but  at  the  same  time  the  conditions  vary  so  much  that  one  cannot  make 
any  very  definite  statement  on  this  point. 

Mr.  Dobbie's  remarks  on  shafting  confirm  what  is  stated  in  the 
paper.  With  regard  to  single  motor  cranes,  it  was  only  in  one  par- 
ticular instance  that  I  had  an  unhappy  experience,  and  I  am  rather 
surprised  to  hear  that  he  has  found  converted  cranes  unsatisfactory 
with  a  single  motor  drive.  The  one  to  which  I  referred  was  a  new 
crane,  and  would  have  proved  unsatisfactory  with  any  method  of 
driving,  for,  as  explained,  the  bad  workmanship  was  largely  at  fault. 
The  case  mentioned  of  a  10  H.P.  motor  demanding  60  E.H.P.  is  a  very 
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Mr.  Ralph,  extreme  case,  and,  of  course,  the  C'R  losses  would  be  very  great,  and 
the  efficiency  correspondingly  low.  I  am  much  interested  to  hear  of 
the  magnetic  hold-on  devices  for  chucks  and  planer  tables,  and  should 
much  like  to  hear  further  details.  I  know  that  for  grinding  thin 
articles  they  are  very  satisfactory. 

In  further  reply  to  Mr.  Bigland,  we  have  used  motors  of  all  sizes, 
from  ^  H.P.  upwards.  His  remarks  on  portable  electric  drills  fully 
bear  out  my  own. 

With  regard  to  what  happens  to  a  small  motor  if  the  machine  it  is 
driving  jams,  or  pulls  up,  probably  the  fuses  would  blow,  or  the  belt 
would  come  off  (and  in  practice,  small  machines  usually  are  belt  driven). 
In  the  case  of  a  large  machine  driven  by  spur  or  chain  gearing,  if  there 
is  no  overload  release  on  the  starting  switch,  probably  the  fuses  will 
blow,  which  is  not  a  very  serious  matter,  although  Mr.  Bigland  seems 
to  think  so.  If  it  happens /r^^u^n//^,  as  he  suggests,  then  there  would 
probably  be  something  the  matter  either  with  the  method  of  doing  the 
work,  or  with  the  workman,  which  would  require  prompt  attention,  not 
necessarily  of  an  electrical  nature  I  I  must  confess  my  surprise  at  a 
number  of  gas  engines  being  used  in  any  works  to  drive  short  sections 
of  shafting  in  preference  to  electric  motors.  I  do  not  imagine  it-  is  a 
method  which  will  be  largely  adopted.  I  quite  agree  with  Mr.  Patter- 
son's remarks  on  the  grouping  of  small  machines  on  to  one  line  shaft 

Mr.  Heaviside  mentions  an  interesting  example  of  individual  driving, 
where  the  sub-division  of  power  is  much  greater  than  is  usual  in  this 
country  ;  but  there  may  be  special  circumstances  in  the  particular  case 
which  justify  it.  The  point  he  mentions  about  the  space  occupied  by 
gas  engines,  compared  with  electric  motors,  is  an  important  one. 
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GLASGOW  LOCAL   SECTION. 

The  Glasgow  Local  Section  of  the  Institution  of  Elec- 
trical Engineers  met  in  the  large  hall  of  the  Institution  of 
Engineers  and  Shipbuilders  in  Scotland,  207,  Bath  Street, 
Glasgow,  on  Wednesday,  the  13th  of  February,  Professor 
Magnus  Maclean  (Vice-Chairman)  in  the  chair. 

The  Chairman  explained  that  this  was  the  first  meeting 
since  the  Nation  was  thrown  into  mourning  by  the  lamented 
death  of  the  late  Queen,  and  he  stated  that  the  Committee 
had  held  a  special  meeting  and  had,  on  behalf  of  the 
Section,  passed  resolutions  of  condolence  and  loyalty, 
which  had  been  forwarded  to  the  Home  Secretary,  and 
he  asked  the  present  meeting  to  confirm  the  resolutions 
so  passed,  which  were:  "That  this  Special  Meeting  of 
the  Committee,  on  behalf  of  the  Glasgow  Local  Section 
of  the  Institution  of  Electrical  Engineers,  desires  to 
express  its  deep  sense  of  the  loss  sustained  by  the 
death  of  their  late  beloved  Sovereign,  Queen  Victoria, 
whose  long  beneficent  reign  has  been  marked  by  such  social 
and  scientific  progress  "  ;  and  *'  That  an  expression  of  con- 
fidence and  loyalty  be  sent  to  His  Most  Gracious  Majesty 
King  Edward,  with  the  hope  that  he  might  long  be  spared 
to  reign  over  an  attached  people." 

A   METHOD  OF   COMPENSATING  VOLTMETERS 
FOR  THE   VOLTAGE   DROP   IN   LONG   FEEDERS. 

By  Michael  B.  Field,  Member. 

A  problem  which  often  confronts  the  central  station 
engineer  is  the  measurement  at  the  power-house  itself  of 
the  voltage  obtaining  at  distant  parts  of  his  network  which 
supplies  current  for,  say,  lighting  and  power  purposes.  In 
fact,  it  is  very  often  of  far  greater  importance  that  the 
engineer  in  charge  should  know  accurately  the  value  of 
the  voltage  existing  at  the  distributing  network,  or,  better, 
the  lamp  terminals  or  motor  terminals,  as  the  case  may  be, 
than  that  obtaining  at  the  central  station  bus-bars  themselves. 
In  cases  where  the  distributing  network  lies  at  some  con- 
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siderable  distance  from  the  power-house,  and  is  fed  with 
current  by  means  of  "  feeders,"  the  drop  of  voltage  in  the 
latter  may  vary  from  zero,  when  the  network  is  very  lightly 
loaded,  to  lo  or  12  per' cent,  when  the  network  is  heavily 
loaded.  Under  such  circumstances  the  engineer  requires, 
of  course,  so  to  regulate  his  generators  that  the  voltage  at 
the  network  or  lamp  or  motor  terminals  remains  constant ; 
in  other  words,  he  must  raise  the  bus-bar  voltage  in  the 
power-house  above  the  normal  by  an  amount  equal  to  the 
drop  in  the  feeders. 

In  such  cases  a  very  usual  course  to  adopt  is  to  mount 
on  the  switchboard  in  the  central  station  voltmeters  which 
are  connected  to  points  of  the  network  by  means  of  "  pilot " 
wires,  and  thus  indicate  the  true  voltage  existing  at  those 
points.  The  engineer  in  charge  can  then  readily  regulate 
his  generators  so  that,  under  varying  conditions  of  load,  the 
voltage  indicated  by  these  voltmeters  is  maintained  constant. 

In  the  year  1882  Dr.  Hopkinson  patented  an  arrange- 
ment for  effecting  the  same  purpose  without  resorting  to 
the  employment  of  pilot  wires.  His  method  consisted  of 
compounding  the  shunt  windings  of  electromagnetic  volt- 
meters with  a  few  turns  of  thick  wire,  through  which  the 
main  feeder  current,  or  a  proportionate  part  thereof,  flowed. 
In  this  way  a  voltmeter  connected  to  the  near  end  of  a  pair 
of  feeders  might  be  compensated  for  the  drop  along  the 
feeders,  and  would  thus  indicate  the  voltage  existing  at  the 
far  ends,  and  obviate  the  necessity  of  employing  pilot 
wires. 

There  is,  of  course,  no  great  disadvantage  in  employing 
pilot  wires  for  the  purpose  named  beyond  the  cost  of  the 
same,  which  will  amount  to  at  least  ;^90  per  mile  per  twin 
wire.  If  it  be  possible  to  save  this  sum,  which,  especially 
in  the  case  of  long-distance  transmissions  or  networks 
covering  extensive  areas,  will  amount  to  a  very  considerable 
sum,  by  merely  adding  a  suitable  arrangement  of  resistances 
at  the  switchboards,  it  will  of  course  be  advantageous  to  do 
so.  Moreover,  by  obviating  the  pilot  wire,  we  obviate  the 
trouble  often  connected  therewith ;  and  while  speaking  on 
this  point  I  would  call  attention  to  the  fact  that  it  is  by  no 
means  uncommon  for  pilot  wires  to  give  trouble.  What  the 
reason  usually  is  I  do  not  know.  Whether  it  is  that  while 
laying  them  they  are  considered  as  an  adjunct  of  no  vital 
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importance,  and  therefore  the  necessary  care  is  not  devoted 
to  their  instalment,  or  whether  it  be  for  other  reasons,  is  not 
a  matter  for  discussion  here. 

Compounding  coils  of  the  above  description  are  of 
course  quite  inapplicable  to  voltmeters  constructed  on  the 
D'Arsonval  principle,  e,g,,  Weston  voltmeters,  and  in  con- 
sequence of  the  almost  universal  preference  shown  by 
central  station  engineers  for  instruments  of  this  class  for 
continuous-current  work,  the  writer  some  little  while  ago 
devised  a  method  whereby  any  voltmeter  whatever  may  be 
compensated  for  the  feeder  drop  of  either  a  two,  three,  or 
multiple  wire  system  without  necessitating  constructional 
modifications  of  any  kind,  and,  beyond  that,  can  be  arranged 
to  indicate  the  average  voltage  obtaining  at  any  group  of 
distant  feeding-points. 

The  method  is  capable  of  very  general  application,  but 
three  instances  of  its  use  are  of  special  interest  to  central 
station  engineers,  and  it  is  the  object  of  this  short  paper, 
firstly,  to  describe  briefly  these  three  applications,  and, 
secondly,  to  investigate  analytically  the  accuracy  of  the 
same.    The  three  cases  for  consideration  are  : — 

(a)  The  measurement  on  the  same  instrument  not  only 
of  the  actual  voltage  existing  at  various  feeding- 
points  of  a  two-wire  network,  but  also  the  average 
of  the  voltage  at  all  the  feeding-points,  or  the 
average  voltage  at  any  desired  group  of  feeding- 
points  of  the  network. 

(6)  The  measurement  of  the  individual  feeding-point 
voltages  and  the  average  voltage  at  any  group  of 
feeding-points  of  a  network  on  thie  three,  five,  or 
other  multiple-wire  systems. 

(c)  The  measurement  by  means  of  a  low-tension  electro- 
static multicellular  voltmeter  of  the  voltage  at  the 
far  end  of  a  long  single-  or  multiphase-power 
transmission  line  working  at  extra  high  tension, 
and  possibly  possessing  a  comparatively  large 
self-induction. 

Let  us  imagine  a  large  distributing  network  supplying 
current  for  lighting  and  power  purposes  over  a  considerable 
area.     It  is  evident  that  a  voltmeter  in  the  power-house  so 
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arranged  that  it  indicated  directly  the  average  of  the  voltage 
all  over  the  network  would  provide  the  engineer  in  charge 
with  much  more  valuable  information  than  one  arranged 
only  to  indicate  the  actual  voltage  at  some  particular  point 
of  the  network,  for  it  is  clear  that  the  engineer  should  strive 
to  maintain  the  average  voltage  at  the  normal  value.  Now, 
although  it  is  not  easy  to  obtain  the  true  average  of  all 
points  of  the  network,  this  may  be  approximated  to  by 
measuring  the  average  voltage  existing  at  all  the  feeding- 
points  ;  this  information  would  as  a  rule  be  a  sufficient 
guide  to  enable  the  central  station  engineer  to  maintain  the 
average  voltage  over  the  network  itself  at  its  normal  value. 

It  might  further  be  advantageous  for  the  engineer  to  be 
able  to  measure  the  average  voltage  existing  at  some  one 
group  or  other  of  feeding-points,  e.g,^  during  one  portion  of 
the  day  he  might  perhaps  wish  to  pay  most  attention  to 
keeping  the  average  voltage  throughout  the  commercial 
portion  of  the  town  constant,  and  at  another  time  it  would 
be  of  more  importance  to  maintain  the  average  voltage 
throughout  the  residential  portion  of  the  town  constant. 
He  might  further  wish  to  know  at  any  instant  what  was  the 
actual  voltage  at  the  end  of  some  one  long  feeder  supplying 
an  outlying  district,  more  especially  if  this  feeder  contained 
a  booster  so  that  the  voltage  was  capable  of  independent 
regulation  ;  all  of  these  conditions  become  possible  by  the 
method  about  to  be  described. 

Case  A, — The  additional  switchboard  apparatus  neces- 
sary for  this  case — for,  say,  a  continuous-current  system — 
consists  of  a  low-reading  Weston  voltmeter  with  a  suitably 
graduated  scale  {e.g,^  an  ordinary  6oo-volt  Weston  with  the 
series  resistance  removed  would  serve  perfectly),  a  multiple 
contact  voltmeter  switch,  a  set  of  voltmeter  resistances 
which  would  be  mounted  in  an  out-of-the-way  place  at 
the  back  of  the  switchboard,  and,  further,  a  series  resistance 
for  insertion  in  each  feeder  circuit.  These  latter  resistances 
would  be  similar  to  those  usually  supplied  with  Weston 
ammeters,  and  would  be  such  that  the  drop  across  them 
with  the  maximum  current  would  be  of  the  order  of  -^^th 
volt,  or  less  where  exceptionally  heavy  feeder  currents  are 
dealt  with. 

The  multiple  contact  switch  would  be  arranged  for  as 
"  positions  "   as  groups  of  feeding  points  required. 
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Suppose,  for  example,  three  feeding  circuits  A,  B,  C  left  the 
station,  a  four-way  voltmeter  switch  might  be  advantageously 
employed.     With  the  switch  successively  in  the  first  three 


I 

ti 

•t — 


o 

Ut4 


positions  the  voltmeter  would  indicate  the  feeding-point 
voltage  of  the  network  at  Ai,  Bi,  Ci  respectively,  while  with 
the  switch  in  the  fourth  position  the  voltmeter  would 
indicate  the  average  voltage  at  the  feeding-points  Ai,  B„  Ci. 
Two  distinct  arrangements  are  shown  in  Figs  i  and  2. 
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Fig.  I  shows  the  simpler  of  the  two,  but  involves  the  disad- 
vantage that  the  average  voltage  of  Ai,  Bi,  Ci  can  only  be 
obtained  if  all  three  feeding  circuits  are  switched  in.  It  is, 
moreover,  only  possible  to  determine  the  individual  values 
Ai,  Bi,  and  Cj  if  the  corresponding  feeders  be  switched  in. 

In  Fig.  2,  on  the  other  hand,  a  modification  is  shown 
whereby  the  individual  voltages  Ai,  Bi,  Ci,  and  the  average 
of  Ai,  Bi,  Ci,  are  given  correctly  by  the  voltmeter  with  the 
switch  in  the  corresponding  positions,  whether  some  of  the 
feeder  circuits  be  switched  in  or  not. 

This  involves  extra  complication  in  the  multiple  contact 
switch,  in  which  case  it  may  conveniently  be  constructed 
on  the  same  lines  as  a  miniature  tramcar  controller.  In 
Fig.  2  the  contact  cylinder  has,  for  the  sake  of  clearness, 
been  developed  on  a  plane. 

Ri,  Ra,  R3  are  the  inserted  series  resistances  in  the  feeder 
circuits ;  shunt  resistances  (divided  into  ri  and  r^)  are  con- 
nected in  Fig.  2  across  each  pair  of  feeders,  in  Fig.  i  across 
the  bus-bars.  The  letter  p  represents  that  the  particular 
connecting  wires  so  distinguished  must  have  sufficient 
resistance  to  prevent  any  appreciable  interchange  of  current 
between  the  various  feeder  circuits  when  the  switch  is  in 
the  fourth  position.  V.M.  is  the  voltmeter,  and  s  a  shunt 
which  is  connected  across  the  terminals  of  the  voltmeter 
when  the  switch  is  in  the  fourth  position,  in  order  to  keep 
the  calibration  of  the  voltmeter  correct. 

Briefly  explained  the  principle  involved  is  as  follows  : — 

If  ri  be  (  )th  part  of  ri  -f-  ra,  the  drop  of  pressure  down  r, 
will  be  (")th  part  of  the  bus-bar  volts.     Again,  if  R,  be 

it- 

(-     )th  part  of  the  whole  feeder  (go  and  return)  resistance, 
tt—i 

the  drop  along  Ri  will  be  (-)th  of  the  total  drop.  The  volt- 

meter  then  if  connected  to  one  feeder  measures  (-)th  part 

of  the   bus-bar   voltage   less   (-)th  part  of  the   drop,   1.^., 

(  )th  part  of  the  voltage  existing  at  the  far  end  of  the 
feeder.      If  a  number  of  feeders   be   simultaneously  con- 
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nected  to  the  same  voltmeter,  this  latter  will  indicate  the 
average  of  all  the  individual  voltages.  The  connecting 
wires  must,  however,  as  already  stated,  have  sufficient 
resistance  (p)  to  avoid  any  appreciable  interchange  of 
current  between  the  different  feeder  circuits. 


The  action  of  the  shunt  s,  which  is  necessary  with  the 
arrangement  shown  in  Fig.  2,  but  not  with  that  shown  in 
Fig.  I,  will  be  found  fully  explained  in  the  analytical  treat- 
ment of  the  subject. 

It  may  here  be  mentioned  that  the  writer,  on  subsequent 
investigation,  found  that  particular  cases  of  his  method  had 
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been  anticipated  by  Mershon  in  America,  and  by  Crompton 
and  Ashley,  and  later  by  Heap,  in  England.' 

Mershon's  patents  relate  exclusively  to  alternating 
currents,  since  he  bases  them  fundamentally  on  the  use 
of  either  current  or  potential  transformers,  or  both.  Fig.  3 
shows  one  of  Mershon's  arrangement,  though  many  equiva- 
lent arrangements  are  illustrated  in  his  patent  specifications. 

Mershon's  object  is  to  compensate  the  voltmeter  not 
only  for  the  ohmic  but  also  for  the  inductive  drop  of  the 
line,  and  his  arrangement  is  only  used  in  connection  with 
single  lines ;  Le.,  it  corresponds  to  case  (a),  where  the 
number  of  feeder  circuits  is  unity. 

As  is  evident  from  Fig.  3,  the  shunt  resistance  r,  -h  r^ 
of  Fig.  I  is  replaced  by  a  potential  transformer  whose  ratio 


Fig.  3. 

is  «  :  I.    Further  a  resistance  and  a  self-induction  are  inserted 

in  the  line  whose  values  are  ( — )th  times  those  of  the  line 

resistance  and  self-induction  respectively. 

Referring  to  Fig.  3,  we  see  then  that  the  drop  from  a  to 

b  will  be  (-)th  of  the  whole  drop  and  in   phase   with    it, 

whereas  the  secondary  voltage  of  the  transformer  is  (-)th  of 

the  generator  voltage,   and  if   the   terminals   be  correctly 
chosen  in  phase  with  it.     Thus  the  voltage   be,   or  that 

measured  by  the  instrument,  is  (~)th  of  that  existing  at  the 

end  of  the  line. 

The  anticipations  of  Crompton  and  Ashley,  and  later  by 

»  Mershon  :  American  Patent  551,982  ;  dated  December  24,  1895. 

ti                 ft             ,»       57i»839 ;  „     November  24, 1896, 

Crompton  and  Ashley       ...      6,695;       „        1898. 

***"  8^348 1*       II        1898. 
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Heap,  are  merely  case  (a),  where  the  number  of  feeder 
circuits  is  unity,  i.e.,  they  compensate  the  voltmeter  for  the 
drop  of  voltage  in  a  single  pair  of  feeders  by  using  shunt 
and  series  resistances  as  explained.  The  diagram  of  con- 
nections for  this  simple  case  is  shown  in  Fig.  4,  and  needs 
no  further  comments. 


-^^ 


t'lG.  4. 

Neither  Mershon,  Crompton  and  Ashley,  nor  Heap, 
however,  give  any  method  for  obtaining  the  average  voltage 
at  any  desired  group  of  feeding  points,  nor,  with  one 
exception  referred  to  later  on,  is  any  method  given  in 
the  above-mentioned  patents  applicable  to  case  (6),  i.e., 
when  unequal  currents  exist  in  the  go  and  return 
feeders  as  in  the  case  of  three-wire  systems  and  the 
like.  This  case,  however,  is  just  as  important  as  the  fore- 
going, owing  to  the  extensive  use  now  made  of  the  three- 
wire  system. 


K 


?L—(V,-C.R,) 


Cf. 


Fig,  5. 

In  such  cases  the  voltage  at  the  network  between  the 
neutral  and  each  outer  may  be  required  to  be  known. 
The  switchboard  apparatus  needed  is  very  similar  to  that 
already  described,  the  difference  being  that  in  this  case 
series  resistances  must  be  inserted  in  each  main,  and  the 
potential    resistances    are   somewhat    differently  arranged 
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I"  ig-  5  shows  the  arrangement  as  appHed  to  but  one  set  of 
feeders.  The  voltmeter  V  will  then  be  compensated  for  the 
combined  drop  both  in  the  outer  and  neutral  mains  with 
which  it  is  connected.  If  the  average  voltage  between,  say, 
the  positive  outer  and  the  neutral  at  several  feeding  points 
be  required,  the  arrangement  of  multiple  contact  switch  as 
in  Fig.  2  may  be  employed. 

The  principle  involved  in  this  case  is  somewhat  different 
to  that  of  case  (a),  and  may  be  best  understood  by  com- 
parison with  a  Wheatstone's  bridge. 

Fig.  6  may  be  considered  as  equivalent  to  Fig.  5  if  we 


Fig.  6. 

consider  the  potential  differences  called  into  play  by  the 
drop  across  Rj  and  R'l  as  replaced  by  opposing  E.M.Fs. 
If  now  the  ratio  arms  of  the  Wheatstone's  bridge  be 
slightly  out  of  balance,  it  is  clear  that  the  current  through 
the  voltmeter  will  be  proportional  to  the  expression 
I V,  -  u,  -  (a  Cx  Ri  -f  /3  C'l  RS) ;.  Where  a  and  /3  are 
numerics  the  value  of  which  may  be  adjusted  as  desired  by 
merely  altering  the  resistance  of  the  ratio  arms.  If,  there- 
fore, they  be  adjusted  so  that  a  Ri  equals  the  resistance  of 
the  outer,  and  /3  R'l  the  resistance  of  the  neutral,  it  is  clear 
the  voltmeter  indications  will  be  proportional  to  the  voltage 
obtaining  at  the  far  end  between  outer  and  neutral. 
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With  the  device  just  described  it  is  of  utmost  importance 
to  select  as  sensitive  a  voltmeter  as  possible  in  order  to 
minimise  the  losses  which  take  place  in  the  shunt  resist- 
ances. In  the  latter  portion  of  this  communication  this  is 
sliown  to  be  the  case,  the  following  result  being  arrived  at 
a^nalytically  : — 

If  the  method  be  applied  to  a  three-wire  system  with  400 
volts  between  outers,  and  if  the  series  resistances  in  the 
outer  and  neutral  mains  are  as  large  as  is  at  all  practicable 
to   make  them  {e.g.,  the  drop  of  volts  along  Ri  =  0*2  volts 
and  along  R'l  =  0*4  volts  with  an  average  full  load  (the  drop 
along  the  resistance  R'l  may  be  taken  higher  than  along  Ri 
since  the  current  in  the  former  case  is  much  less  than  in  the 
latter,  so  that  a  larger  drop  does  not  necessarily  imply  a 
large  loss  of  power),  and  if  the  voltmeter  required  yjgth 
ampere  to  give  the  full  scale  deflection,  then  the  resistance 
of  (ri  -f  ^a)  and  {r^  -f  r^)  could  not  well  be  more  than  890 
ohms.     This  would  involve  in  them  alone  a  continuous  loss 
of  nearly  90  watts.     Instruments  of  the  dead-beat  suspended 
coil  D'Arsonval  type  made  up  in  switchboard  form,  with  a 
needle  swinging  in  a  horizontal  plane  as  in  a  Kelvin  low- 
tension  electrostatic  voltmeter,  would  therefore  be  best  for 
this  purpose,  for  with   suspended   coil   voltmeters  of  this 
description   not   only   can    the   values    of    the   resistances 
(''i  +  fa)  and  (r^  -f  r^)  be  increased  to  3,000  or  4,000  ohms, 
but  the  maximum  drop  of  volts  across  Ri  and  R'l  may  also 
be  greatly  reduced. 

When  employing  this  method  for  determining  the 
average  of  several  feeding-point  voltages,  a  multiple  contact 
switch  as  shown  in  Fig.  2  is  necessary.  It  is  also  necessary 
to  shunt  the  voltmeter  by  means  of  the  resistance  S,  but  the 
resistance  p  of  the  various  connecting  wires  may  be  made 
as  low  as  is  convenient,  since  the  resistances  r,  ra  r^  r^  will 
themselves  prevent  any  appreciable  interchange  of  current 
between  the  various  feeder  circuits. 

Fig.  7  shows  a  particular  case  where  the  voltage  at  the 
end  of  a  set  of  three-wire  feeders  may  be  simply  arrived  at. 
The  figure  is  a  sufficient  explanation  of  itself.  It  is,  how- 
ever, clear  that  this  case  is  rarely  applicable  in  practice. 
In  Heap's  Patent  8,348  of  1898,  instruments  of  the 
Weston  type  are  described  for  use  in  three-wire  circuits,  where 
the  moving  member  has  two  distinct  coils  and  four  terminals 
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as  shown  in  Fig.  8.  The  great  disadvantage  of  this 
arrangement  is,  of  course,  the  difficulty  of  insulating  the 
eoils  on  the  movable  member  from  each  other,  the  difference 
of  potential  being  the  full  voltage  between  outer  and  neutral 
v^ire. 

A  further  device  is  described,  as  shown  in  Fig.  9,  with 
reference  to  instruments  depending  on  the  attraction  of  a 
small  piece  of  iron,  if  these  instruments  be  used  at  all, 
they  may  quite  as  readily  be  compounded  with  a  few  turns 
in  series  with  the  outer  and  neutral  mains  in  accordance 
with  the  original  scheme  of  Dr.  Hopkinson.     In  any  case, 


I«*IG.  9. 

the  device  described  above  of  Heap  possesses  the  disadvan- 
tage that  unless  a  large  drop  be  allowed  in  the  inserted 
resistances  in  the  mains,  the  available  voltage  across  the 
terminals  of  the  voltmeter  is  altogether  insufficient.  For 
example,  on  a  250-volt  circuit,  if  the  series  resistance  caused 
an  added  drop  of,  say,  2  per  cent,  of  the  feeder  drop,  the 
available  difference  of  potential  for  working  the  voltmeter 
would  be  only  about  2*5  volts.  With  an  instrument  of  the 
above  type  to  be  actuated  by  only  2*5  volts,  a  compara- 
tively large  current  would  be  necessary,  causing  a  relatively 
large  watt-loss  in  the  whole  arrangement. 

Case  C. — This  case,  viz.,  the  compensation  for  the  ohmic 
and  inductive  drop  in  long  alternate-current  transmissions 
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lines  has  been  very  ingeniously  handled  by  Mershon.  As 
already  intimated,  Fig.  3  gives  the  pith  of  Mershon's 
arrangement,  but  in  his  American  patents  a  considerable 
number  of  very  pretty  modifications  are  shown  ;  but  all  of 
these,  as  he  is  careful  to  point  out,  depend  upon  the  employ- 
ment of  potential  or  current  transformers,  or  both. 

The  following  method,  therefore,  which  is  quite  indepen- 
dent of  all  transformers,  not  even  necessitating  one  for  the 
voltmeter,  may  be  of  interest. 

In  this^  instance  not  only  must  an  extra  resistance  be 
inserted  in  the  line,  but  similarly  an  extra  self-induction, 
unless  indeed  a  portion,  say  a  ^J^th  part  of  resistance  and 
self-induction  of  the  line  itself,  be  employed  for  the  purpose 
by  running  back  a  pilot-wire  to  the  station  from  a  point  on 
the  line  situated  at  a  distance  from  the  power-station  equal 

to  (?rio)*'^  P*^^^  ^^  ^^^  whole  length  of  the  line. 

To  fix  our  ideas,  let  us  consider  a  specific  case  where  the 
line  voltage  is  30,000  volts,  the  line  being  50  miles  from  end 
to  end.  At  the  station  a  100- volt  multicellular  electrostatic 
voltmeter  of  the  Kelvin  type  is  employed,  and  connected 
as  shown  in  Fig.  10.  It  would,  of  course,  have  to  be 
thoroughly  insulated  from  earth,  ki  and  k^  are  condensers 
replacing  the  resistances  n  and  ra  shown  in  Fig.  i.  The 
condenser  kz  has  a  capacity  approximately  equal  to  the 
maximum  capacity  of  the  voltmeter,  i,e,,  the  capacity 
between  the  fixed  and  moveable  vanes,  the  latter,  being 
in  the  position  they  normally  occupy  when  the  voltmeter 
is  indicating  its  maximum  voltage.  The  capacity  of  the 
condenser  ka  is  accordingly  very  small ;  it  must,  however, 
be  capable  of  withstanding  practically  the  full  line  voltage 
of  30,000  volts.  The  writer  therefore  proposes  to  employ 
for  this  condenser  a  slab  of  glass  with  pieces  of  tinfoil 
pasted  on  the  two  opposite  surfaces,  the  slab  being 
sufficiently  thick  to  withstand  the  voltage,  and  the  area  of 
the  tinfoil  coatings  being  chosen  to  give  a  capacity  approxi- 
mately equal  to  the  maximum  capacity  of  the  voltmeter. 
To  prevent  leakage  and  condensation  on  the  edges  of  the 
slab,  the  whole  might  advantageously  be  immersed  in  a 
bath  of  special  oil  or  be  imbedded  in  a  block  of  paraffin 
wax  or  other  suitable  dielectric. 

The  condenser  kj  must  have  a  capacity  nearly  300  times 
as  great  as  that  of  ka;  since,  however,  the  voltage  across  the 
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former  will  be  of  the  order  of   loo  volts,  it  can  readily  be 

oonstructed  in  the  usual  way  ot  sheets  of  tinfoil  and  mica, 

a,nd  will  not  be  an  expensive  matter.     It  is  important  that 

the  ratio  of  the  capacities  of  *i  :  ka  be  maintained  exactly, 

but  it  is  not  of  any  importance  that  the  capacity  of  ka  shall 

b>ear  any  very  exact  ratio  to  that  of  the  voltmeter.     Thus 

the  voltmeter,  if  deranged,  might  be  replaced  by  another  of 

the  same  pattern,  and  the  latter  would  indicate  correctly. 

If  a  portion  of  the  line  itself  be  utilised,  instead  of  inserting 

extra   resistance  and  inductance  a  pilot-wire  must  be  run 

back   from  a  point  one-third  of  a  mile   distant  from   the 

power  house.      This  wire   must   be  protected,  of  course, 

from  the  inductive  action  of  the  current  in  the  line  in  a 

manner  explained  later  on.     One  advantage  in  utilising  a 


s 
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Fig.  10. 

portion  of  the  feeder  itself  instead  of  inserting  extra  resist- 
ances, etc,  which  may  of  course  be  done  in  this  or  any  of 
the  foregoing  cases,  is  that  no  error  is  produced  by  a 
change  of  resistance  of  the  line  due  to  changes  of  atmo- 
spheric temperature. 

We  thus  have  a  simple  and  inexpensive  arrangement 
whereby  a  loo-volt  electrostatic  voltmeter  may  be  arranged 
to  measure  directly  the  potential  at  the  far  end  of  a  30,000- 
volt  line,  the  voltmeter  being  compensated  for  both  ohmic 
and  inductive  effects  of  the  line  itself. 

It  is  obvious  that  similar  arrangements  may  be  applied 
to  many  such  useful  purposes  ;  e.g.f  in  the  last  case  the 
voltmeter  might  be  arranged  to  compensate  not  only  for 
the  line  drop,  but  also  for  the  drop  due  to  both  copper 
resistance  and  magnetic  leakage  in  the  transformer  at  the 
far  end,  and  thus  indicate  the  voltage  at  the  low-tension 
terminals  of  the  transformer  irrespective  of  what  kind  of 
load  may  be  connected  to  the  same,  1.^.,  one  possessing 
self-induction  capacity  or  anything  else. 


'''II       rrnv  "^^Hit^^''^.'  -  T^n^ 
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where  Ci,  Ca,  .  .  .  C,  are  the  various  feeder  currents, 
which  may  be  taken  as  identical  with  the  currents  flowing 
through  Ri,  Ra,  etc.,  provided  p  be  sufl&ciently  large  to 
prevent  any  appreciable  interchange  of  current  between 
the  various  feeders. 
We  have  further — 


e'  -  e  =^  tr 


(3) 
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Hence,  eliminating  e  and  e'  we  have— 

i  sf  V.  -  y,  -  ^L+Jl'  .  C,  R^) 
,•  =      "     \ ^ L 


.     .  (4) 


If 


n  +  r^  _  R,  +  F,  _  Ra  +  Fa  ^  gj^ 


R. 


R< 


the  numerator  of  the  above  expression  is  merely  the  average 
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voltage  existing  at  the  far  ends  of  all  the  feeder  circuits 
We  will  call  this  V^.  It  is  then  clear  that  the  current 
flowing  through  the  voltmeter  is  proportional  to  V.  if  any 
given  number  of  feeder  circuits  be  connected.  The  con- 
stant of  the  instrument,  however,  involves  «;  in  order  there- 
fore to  make  the  same  calibration  serve  for  all  values  of  «, 
and  to  obtain  the  most  sensitive  arrangement,  we  niu^  keep 

s  -f-  f 

equal  to  unity,  in  other  words  s  must   alwaj^  equal 

This   therefore  is  the  function   of   the   shunt   s  in 
I/- 1 

Fig.  2,  and  if  by  means  of  the  multiple  contact  switch,  s  bt- 

made  to  depend  on  //  in  the  above  manner,  we  have — 


If  //  =  I  we  may  make  p  =  o  and  s  =  c»,  i>.,  no  shunt 
is  required.  This  is  the  arrangement  of  Crompton  and 
Ashley,  and  also  of  Heap. 

The   equation   holding   for   the   device    represented   in 
Fig.  I  is  slightly  different  from  the  foregoing: — 

We  must  insert  in  equation  (i) 

and  in  equation  (2)  merely 

V='^2(v,  +  V2...V„) 
Combining  (i)  and  (2),  we  have — 


\n         t'l  J     s  rj 

Now  in  this  case,  if  p  be  very  small  compared  with  r, 
we  may  say  that  /  does  not  depend  on  ft,  hence  s  may  be 
made  00,  i.e.,  no  shunt  is  required,  and  we  have — 

•  •  =  _       Vf_^     __ 

'a  "T  -     — 
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Applying  the  above  results  to  an  actual  case,  let 
V  =  200,  and  let  the  current  required  by  the  voltmeter 
for  maximum  scale  deflection,  corresponding  to  (say)  220 
volts,  be  o'oi  ampere,  the  resistance  of  the  voltmeter 
being  60  ohms. 


Let,  further- 


then  we  have — 


ra  =  16,000      ohms. 
ri  =       i6i'6      „ 


We  may  take  it  that  the  maximum  feeder  drop  will 
not  exceed  lo  per  cent.,  hence  the  maximum  volt  drop 
along  Ri,  Ra,  etc.,  cannot  be  greater  than  0*2  volt.  If, 
therefore,  p  =  075  ohm,  we  may  say  that  the  interchange 
of  current  between  any  two  feeders  cannot  be  more  than 
0*13  ampere,  or  an  amount  which  is  quite  inappreciable, 
and  at  the  same  time  the  maximum  error  introduced   by 

the    variation    of  the   value   of  ^   as  «   is  varied  cannot 

n 

exceed  J  of  one  per  cent. 

With   the    arrangement    shown    in    Fig.  2,  p   must  be 

much  greater  than  heretofore  assumed,   for  if  one  set  of 

feeders  be  switched  out,  the  voltage  at  the  near  end   of 

the   positive  of  the  same  might  differ  by  as  much   as   20 

volts  from   that  of   neighbouring   positive  feeders,   and   a 

serious  interchange  of  current  between  them  would  occur 

if  p  were  not  of  considerable  magnitude.     Since,  however, 

from   equation  4  it  appears    that   no   error    whatever   is 

produced  by  the  variation  of  «,  provided  s  is  always  equal 

to    — -,   we    may,   if    we  like,   take  /» =  100  ohms.      In 

this  case,  taking  the  same  constants  for  the  voltmeter  as 
before,  ra  will  come  out  6,000  ohms  and  n  6o'6  ohms. 

It  has  been  assumed  throughout  the  foregoing  that  the 
same  current  returns  by  the  negative  feeder  as  goes  by  the 
positive  feeder  of  the  same  circuit ;  this  will  generally  be 
true,  unless  indeed  the  resistances  of  the  positive  and  nega- 
tive feeders  are  different,  or  the  problem  is  complicated  by 
the  fact  that  there  are  faults  at  different  parts  of  the  system. 
In  such  cases,  however,  where  the  outgoing  current  is  of 
VOL.  xxx.  88 
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different  magnitude  from  the  return  current,  the  following 
arrangement  might  be  employed,  which  moreover  is  par- 
ticularly applicable  to  three-wire  systems  and  such  like. 

To  derive  an  expression  for  /  in  case  (6) — see  Fig.  5 — we 
have  from  equation  (i)  — 


e  = 


^2 

n            n  +  fa 

.     r,  ra        s  •\'  r 
fi  4-  ra        s 

S  Vk  ±  CV  R'r 
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t 
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(5) 


To  obtain  e'  we  must  substitute  in  this  same  equation — 
e'   for  e  V«  -  C«  Rr   for  V. 
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may  further 
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Combining  (3),  (5),  and  (6)  we  get — 


"  S  (v.  -  Vk  -  Ck  (Ric  +  FO  T  CV  (R'ic  +   F'r  \ 

,  .       .         v5  +  r      r(rx  +  ra)  *    ^^ ^ 


where 


and 


r7-7,  =  ^  +  l7=^  +  £  =  «*^-  =  ^' 


ri  ^  Fi'  ^      F, 

-^3--r7,  =  ^  +  R7  +  'R;'  =  ^*^-  =  ? 


Now  the  numerator  in  (7)  is  the  average  voltage  obtain- 
ing at  all  the  far  ends  of  the  feeder  circuits  between  the 
outers  Fi,  Fa,  etc.,  and  the  neutraJs  Fi',  Fa',  etc.  Call 
this  average  voltage,  as  before,  V^ .     , 

If,  then,  we  again,  by  means  of  the    multiple   contact 

switch,  keep  equal  to  unity,  we  have  for  case  (b) — 
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PU^qr.^'^'^^'^y 


from  which  the  necessary  values  for  n,  ra,  r^y  and  r^  are 
calculable  for  any  given  instance. 

The  last  case  is  that  of  (c),  Fig.  lo.  We  can  readily 
derive  the  equation  for  the  voltage  existing  across  the 
voltmeter  (which  may  be  designated  v')  from  equation 
(4),  by  writing  :— 

'!IL  K  +  /fl    for  Rx  j         ,-i^  for  r. 


p  =  0 

r  =  o 


I 


n 


*ifl     "      ^  kQ     " 


where  R  and  /  are  the  resistance  and  self-induction 
respectively  of  that  portion  of  the  line  spanned  by 
the  pilot- wire,  k  is  the  capacity  of  the  voltmeter,  this 
being  a  function   of   the  position   of    the   movable  vanes, 

and  Q  represents  the  operator  ^. 

We  have  then — 


'  —  J   —  *^ 


(R-h/e)  c 


K  &  K  -\-  ki   -\-  k^ 

If— 

ki  -f  k^  _  F  _  L 
*2      "■  R  "  /  ' 

the    numerator    of    the   above   expression    represents  the 
voltage  obtaining  at  the  end  of  the  line.     Call  this  V^. 

As  already  explained,  ^2  may  advantageously  be  made 
about  equal  to  the  maximum  value  of  k,  in  which  case, 
owing  to  the  comparatively  large  value  of  Aj,  we  may  write 
with  great  accuracy — 

It  has  been  pointed  out  in  the  previous  part  of  this 
paper  that  it  is  necessary  to  shield  the  pilot-wire  from  the 
inductive  actipn  of  the  line. 
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If  tlie  line  be  a  siiigle-phas;;  one  carried  overhead,  it  vn\] 
be  simple  to  place  the  pilot-wire  symmetrically  with  regard 
to  the  two-line  wires,  in  which  case  all  inductive  effects  will 
lie  obviated. 

If  the  line  be  an  overhead  three-phase  one,  it  is  not 
always  possible  to  place  the  pilot-wire  in  a  symmetrical 
position  with  rejjard  to  all  three-line  wires.  The  inductive 
action  may,  however,  be  neutralised  by  running  the  pilot- 


wire  for  pari  of  the  distance  nearer  the  one  or  other  of  the 
hnes.  Thus,  if  the  three-line  wires  be  carried  in  a  row  (see 
Fifj.  12)  and  a  pilot-wire  be  run  for  a  total  distance  of  500 
yards  from  the  station,  it  might  be  located  for  250  yards  in 
position  p,  and  for  the  remaining  250  yards  in  position  g. 
The  inductive  action  of  each  line  wire  on  the  pilot-wire 
depends  on  the  logarithm  of  the  reciprocal  of  the  distance 
between  them  plus  a  constant,  which  latter  is  the  same  for 
all  the  line  wires. 

If,  therefore,  we  adjust  matters  so  that 
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or 

b  =     r  a, 

the  inductive  action  of  each  line  wire  on  the  pilot-wire  will 
be  the  same,  and  since  the  total  current  flowing  in  the  three- 
line  wires  at  every  instant  is  zero,  the  total  inductive  effect 
will  likewise  be  zero. 

With  other  arrangements  of  the  line  wires,  corresponding 
modifications  of  the  positions  of  the  pilot-wire  will  be 
requisite 


APPEXDIX. 

{Received  February  i^rd,  1901.) 

It  is  interesting  to  note  that  if  the  three  lines  of  a  three-phase  transmis- 
sion be  arranged  as  shown  in  Fig.  12,  the  induced  E.M.F.  in  each  line  due 
to  the  self-induction  of  its  own  current  and  the  mutual  induction  of  the 
currents  in  the  other  wires  is  not  the  same  in  each  case,  and  consequently, 
in  compensating  for  the  line  drop,  this  should  be  taken  into  account. 


Fig.  I. 

This  inequality  may  readily  be  shown  to  exist  thus  : — Neglecting  the 
magnetic  induction  within  the  line  wires  themselves,  the  total  induction 
in  air  between  two  line  wires  at  distance  apart  b  and  of  radius  <?,  per 
unit  length  of  line 

=       log 
10      ^  a 

2C        b 
where  C  =  current  in  ampere  inline.  We  may  take  therefore  -    log      as 

the  total  induction  cut  by  each  wire,  this  being  the  sum  of  its  own  self- 

induced  lines,  and  of  those  induced  by  its  neighbour  which  it  has  cut. 

For  the  sake  of  brevity,  this  will  here  be  called  the  inductive  effect  on 

the  one-line  wire. 

Since  the  sum  of  the  currents  in  the  outers  equals  at  every  instant 

the  current  in  the  middle  wire  of  the  three-phase  line,  the  inductive  effect 

2C  b 

on  the  middle  wire  will  be    — '  log  —  where  C,  is  the  instantaneous 

10         a 

value  of  the  current,  it  being  quite  immaterial  whether  all  the  return 

current  be  concentrated  at  one  point  or  not,  provided   it  all  be  at 

distance  b  from  the  line  in  question.    (The  inductive  effect  as  defined 

above  on  2  would  be  unaltered  even  though   the  return  conductor 

were  spread  out  as  a  thin  sheath  concentric  with  2  and  of  radius  b,) 


soo 
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The  ind active  effect  on   lines   i   and  3  respectively    is  per   unit 
Icn^h  : — 


2 

10 
2 
10 


jcjogi+CIos^+Clogl,} 

j  C.  log  ^^+C.  log  ; +C3  log  I  } 

But  (  ^   log  a  J  f  C,  +  C,  +  C3W0,  adding  this  in  each  case  wc  liave 

,^„}c,log^+C3log^-Clog2} 

A{c,log^+C.Iog^_C.Iog2{ 
These  wc  may  urite  as  : — 

Ajc.log^.-Clog.} 

^^jC3log*-C.log.( 


and  the  inductive  effect  on  line  2  is  as  above 

2 
10 


{^'"'«^} 


In  an  actual  case  let—  =:  100,  and   remembering  that  the  induced 


a 


K.M.F.'s  lag  90"  behind  the  cnrrents  which  induce  them,  we  may 
construct  the  vector  diagrams  for  the  induced  E.M.F.'s  in  the  three-line 
wires  a*i  follows  : 


Fig.  2. 

We  sec,  then,  that  in  the  case  of  line  i,  an  E.M.F.  is  injected  into  the 
line  30"  behind  the  current;  in  line  3  an  equal  E.M.F.  appears  150** 
behind  the  current,  that  is,  to  say,  that  3  and  i  are  acting  as  the  primary 
and  secondary  of  a  transformer  power  disappearing  from  the  one 
and  appciying  in  the  other  line.  The  amount  of  this  injected  E.M.F. 
is  15  per  cent  of  o,  that  is  in  the  above  case,  the  relative  values  of  the 
induced  E.M.F.'s  would  be  as  2*  16  :  2  :  2*16  respectively  for  the  lines  i, 
2  and  3.  In  extra  high  tension  transmission  lines  it  is  quite  possible  for 
the  inductive  effect  to  exceed  the  ohmic  drop,  so  that  the  above  diff^er- 
ences  may  be  worth  considering. 

The  voltmeter  in  such  a  case  would  be  arranged  to  measure  the 
voltage  between  one  pole  and  the  neutral  point  compensating  for  the 
mean  drop  along  the  three-line  wires,  and  the  scale  would  be  cali- 
brated te  '  voltage. 
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The  neutral  point  would  be  obtained  by  means  of  two  suitable 
choking  coils  in  the  usual  way,  connecting  one  to  the  centre  point 
of   the  winding  of  the  other,  as  in  the  diagram. 

It  is  further  interesting  to  inquire  into  the  magnitude  of  the 
inductive  effect  of  a  Une  upon  a  pilot  wire  which  is  not  shielded. 

As  an  example,  assume  3  to  be  a  pilot  wire  and  i  and  2  the  go  and 
return  conductors  of  the  circuit. 

The  inductive  effect  on  3  will  be  —  Clog  2  and  on  i  and  2    —  C  log 


10 


10 


a 


if  C  =  line  current.     If  -  =  100  as  before,  the  induced  E.M.F.  in  the 

a 

pilot  wire  will  be  15  per  cent,  of  the  induced  E.M.F.  in  each  line  wire. 
As  stated  above,  this  latter  is  sometimes  greater  than  the  ohmic  drop, 
so  that  the  effect  on  the  pilot  wire  is  seen  to  be  of  considerable  magni- 
tude ;  this  is  more  especially  the  case  where  the  pilot  wire  is  worked 
at  a  reduced  pressure  by  means  of  step-down  transformers  at  the  far 
end  of  the  line,  which  is  often  the  case  owing  to  the  liabiHty  of  thin 
aerial  lines  to  break,  and  the  danger  which  would  thus  be  introduced. 


t — # 
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/"• 


Fig.  3. 


Fig.  4. 


It  is  not  always  possible  to  shield  the  pilot  wire  from  the  inductive 
action  of  a  multiplicity  of  line  wires.  In  such  a  case  it  would  be 
advantageous  to  change  over  the  positions  of  the  various  wires  perio- 
dically, so  as  to  neutralise  their  effects. 

In  the  case  of  two  three-phrase  circuits  carried  as  in  the  fig.,  the  pilot 
wire  should  be  taken  for  half  its  distance  in  position^  and  the  remaining 
distance  in  position  g  where  b  =  a  ^2, 


The  Chairmax,  in  opening  the  discussion,  remarked  that  the  paper  The 
was  not  only  a  learned  one  from  an  analytical  point  of  view,  but  also  an 
exceedingly  important  paper  from  a  practical  point  of  view.    Later,  in 
the  discussion  he  asked  Mr.  Field — (i)  to  give  some  relative  statements  as 
to  the  amount  of  energy  wasted  in  the  series  resistances  R„  Ra,  R3,  etc., 

and  (2)  to  make  it  clear  if  these  resistances  were  not  exactly  -  th  of  the 

feeder  resistances,  .wJietheC-  or  not  the  voltmeter  needed  recalibration 

in  the  central  station. 

,     Professor  A.  Jamieson  :    Mr.  Field  has  been  rather  lax    in    the   professor 

phraseology  of  the  first  part  of  his  paper,  but  he  has  made  up  for  this  ]»»"'««)"• 

defect  by  giving  us  a  series  of  well-arranged  and  indexed  diagrams, 

together  with  a  final  clear  analytical  investigation. 

The  chief  object  which  the  author  had  in  view  was  to  ascertain  the 
drop  in  pressure  along  live  feeders  without  using  pilot-wires,  and  thu' 
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Profeasor  not  only  to  save  thch  first  cost  and  upkeep,  but  also  to  avoid  being 
Jam  cson.  troubled  by  their  possible  defective  insulation  or  continuity.  He  puts 
down  the  first  cost  of  twin  pilot-wires  at  £(p  per  mile.  I  think  that 
this  may  be  taken  as  a  maximum  value,  since  the  trenches  must  ht 
opened  for  the  feeder-troughs  or  pipes  whether  pilot-wires  are  put  down 
or  omitted.  Perhaps  Mr.  Field  will  state  in  his  reply  how  he  arrived  at 
this  price. 

The  average  potential  at  the  ends  of  any  group  of  feeders  might  be 
obtained  from  the  switchboard  ends  of  the  corresponding  pilot-wires 
quite  as  easily  as  by  the  methods  explained  in  the  paper.  There  is 
however,  one  disadvantage  which  Mr.  Field's  system  has,  when  compared 
with  the  use  of  pilot-wires,  viz.,  their  employment  (if  sound)  in  localis- 
ing faults  in  the  feeders  by  means  of  "loop  tests."  And,  moreover,  he 
introduces  a  constant  loss  of  i>ower  by  the  permanent  insertion  of  the 
series-resistances  R„  R,,  R3,  etc.  (see  Figs,  1,  2,  etc.),  unless  he  can 
employ  them  as  the  feeder  "  fuse-wires,"  or  for  the  lightning  protector 
coils,  or  for  the  automatic  switch  coils.  For  example,  suppose  the  current 
conveyed  by  each  of  these  several  resistances  to  be  1,000  amperes  with 
a  difference  of  potential  between  their  ends  of  only  02  volt  (as  assumed 
in  the  paper),  then  the  continuous  loss  of  power  will  be  (1,000  x  0*2)  = 
200  watts  for  each  inserted  resistance.  This  quantity,  when  added  to 
the  losses  (r,  +  Ta)  may  thus  amount  to  about  \  H.P.  at  the  switchboard 
or,  say,  i  H.P.  in  the  boiler.  The  annual  value  of  this  loss  would  go  far 
to  pay  interest  and  depreciation  upon  ordinary  pilot-wires. 

Mr.  Field's  ingenious  methods  of  obtaining  the  average  voltage  at 
the  ends  of  a  group  of  feeders  may  no  doubt  satisfy  the  Board  of  Trade 
authorities,  who  demand  statements  of  such  averages  in  the  station  log- 
sheets,  but  great  care  must  be  taken  that  switchboard  attendants  do  not 
place  too  much  reliance  upon  such  averages.  One  consumer  or  district 
may  be  supplied  at  10  per  cent,  more  than  the  normal  voltage,  whilst 
another  is  receiving  10  per  cent,  less  than  the  normal.  The  attendant 
when  reading  the  voltmeter  in  contact  with  the  average  terminal  would 
consequently  find  that  the  mean  voltage  coincided  with  the  required 
pressure.  This  would  no  doubt  please  him,  and  if  he  were  lazy  and 
not  very  particular,  he  would  not  trouble  to  ascertain  what  the  respec- 
tive voltages  were  at  the  end  of  each  feeder. 

The  method  (see  Fig.  i)  of  ascertaining  the  voltage  at  the  far  end  of 
a  line  of  known  resistance,  by  taking  the  potential  difference  between 
the  ends  of  another  known  resistance  placed  in  circuit  with  the  former 
at  its  home  end,  is  not  new.  I  have  frequently  used  this  test  since 
1872,  and  I  beheve  that  it  was  first  devised  by  Mr.  Latimer  Clark 
and  improved  by  Professor  Fleeming  Jenkin.'  Fig.  2,  for  obtaining 
averages,  is,  however,  new  to  me,  and  I  have  much  pleasure  in  con- 
gratulating Mr.  Field  upon  the  devices  and  their  explanations  as 
illustrated  by  Figs.  4,  5,  6,  and  10.  The  latter  is  especially  neat  and 
interesting,  although  the  substitution  of  condensers  for  resistances 
is  by  no  means  new.  Their  use  and  interchangeability  in  the  case  of 
the  bridge-arms  of  artificial  lines  for  working  submarine  cables  upon 

*  See  Munro  and  Jamieson's  Pockct-Book  of  Electrical  Rules  and  Tables. 
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tHe  duplex  principle  has  been  employed  for  nearly  a  quarter  of  a  cen-  Profe»or 
tury.      Their  application,  however,  to  very  high    sdtemate    current  ^ 

voltages  is  one  of  the  difficult  experiments  upon  which  we  should  have 
l>een  glad  to  have  had  some  practical  results.  Perhaps  Mr.  Field  may 
soon  be  able  to  bring  before  us  data  of  actual  tests  and  thus  add  to  the 
value  of  his  present  paper. 

Mr.  William  McWhirter  :  Mr.  Field  has  written  a  splendid  paper  Mr. 
and  has  shown  how  to  carry  out  an  important  test  in  a  very  elegant, 
simple,  and  economical  manner.    Never  having  been  a  Central  Station 
engineer,  I  have  not  been  in  a  position  to  discover  all  the  beauties 
which  these  engineers  have  found  in  the  Weston  Moving  Coil  Volt- 
meter.    No  doubt,  owing  to  the  great  sensibility  of  this  tj^pe  of  instru- 
ment and  to  the  low  power  therefore  required  to  operate  it,  together 
with  the  proportionality  of  the  scale  divisions  and  its  supposed  extreme 
constancy,  this  instrument  has  made  many  friends.    To  these  qualities 
must  be  added  its  freedom  from  external  magnetic  fields,  from  which 
it  is  usually  supposed  to  have  perfect  immunity.     The  simpler  and 
cheaper,  yet  equally  useful,  electro-magnetic  voltmeter  has  therefore 
been  relegated  to  a  position  of  obscurity,  and  the  individual  who 
attempts  to  check  the  voltage  of  any  installation  by  such  means  runs  a 
risk  of  being  driven  from  the  society  of  all  self-respecting  electricians. 
Yet  there  are  hundreds  of  thousands  of  those  unassuming  instruments 
in    daily  use    doing   good    work.     Those  who   have  been    able    to 
watch  the  evolution  of  this  type  of  instrument  since  1878,  when  the 
electric  lighting  at  the  Paris  Exhibition  showed  the  need  for  it,  must 
have  often  asked,  "  Have  we  yet  approached  finality  ? "   Almost  the  first 
attempt  to  supply  the  demand  for  such  measuring  instruments  was  met 
by  Deprez,  who  introduced  an  instrument  of  the  permanent-magnet  type. 
We  had  next  the  very  excellent  but  certainly  awkward  set  of  dynamo- 
meters by  Siemens  Brothers,  where  the  value  of  current  or  pressure 
could   be  easily  ascertained   by  twisting  the  torsion-head  until  the 
moving  coil  reached  zero.    When,  reading  the  angle  of  torsion  in 
degrees,  and  finding  its  square  root  and  multiplying  by  a  five-figure 
constant,  the  amperes  or  volts  were  at  once  found.    So  beautiful  and 
simple  an  instrument  was  not,  however,  received  as  it  should  have  been, 
and  I  have  known  engineers  in  charge  of  lighting  in  those  early  days, 
and  drawing  the  splendid  salaries  of  from  i8s.  to  22s.  per  week,  object 
to  the  use  of  the  instruments. 

It  always  seemed  strange  to  me  that  only  one  man  up  to  that 
time  had  made  instruments  to  read  direct  in  amperes,  or,  rather, 
at  the  time  to  which  I  refer,  in  webers  and  volts,  and  that  was 
Mr.  J.  T.  Sprague,  of  Birmingham.  I  would  like,  however,  to 
warn  central-station  engineers  not  to  take  too  much  for  granted 
about  Weston  moving -coil  meters,  not  to  be  sure  the  scale 
divisions  are  strictly  proportional,  nor  to  assume  the  constancy 
of  magnetic  field,  or  to  take  it  for  granted  that  these  meters  are  not 
affected  by  external  magnetic  fields.  I  have  proved  over  and  over 
again  that  every  one  of  these  assumptions  is  in  error.  Now  that 
shielded  electro-magnetic  volts  and  ammeters  are  obtainable  where  less 
than  two  watts  are  used  upon  a  circuit  of  100  volts,  where  the  tempera- 
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Mr  ture  coefficient  is  «i7,  where  the  scale  error  is  under  i  per  cent,  suid 

^  ^^'  absolutely  constant,  and  where  magnetic-field  errors  do  not  exist,  they 
are  worthy  of  further  attention,  and  should  not  be  lightly  abandoned- 
Further,  such  instruments  can  be  calibrated  to  read  correctly  upon 
either  continuous-  or  alternating-circuits  as  required,  and  are  there- 
fore most  suitable  for  use  in  the  arrangement  of  Hopkinson,  which, 
from  its  simplicity,  will  be  very  hard  to  supplant. 

Mr.  Field.  Mr.  M.  B.  FiELD  in  reply  said :  Professor  Jamieson  commented  at  con- 

siderable length  on  the  phraseology  used  by  me  in  the  opening  sentences 
of  the  paper.  I  have  no  doubt  that  this  might  be  much  improved,  but 
providai  the  paper  represents  correctly  the  technical  points  I  wished 
to  bring  before  you,  I  think  it  hardly  worth  while  to  waste  further  time 
in  discussing  the  point.  Professor  Jamieson  seems  to  think  that 
measuring  the  '*  average  voltage  "  over  a  network  is  useless.  I  admit  it 
does  not  give  all  the  information  required,  but  then,  by  the  methods  I 
have  described  to-night,  not  only  the  average,  but  also  the  individual 
feeding-point  voltages  can  be  determined.  In  such  a  case  I  think  that 
a  little  consideration  will  show  that  the  information  obtained  is  of  distinct 
advantage.  The  price  of  £go  per  mile  of  twin  pilot-wire  has  been  thought 
excessive.  This,  however,  was  not  a  guess-work  figure  :  it  was  the  actual 
figure  for  a  two-core  paper-insulated,  lead-covered  cable  capable  ot 
withstanding  i,ooo  volts  between  cores,  or  between  cores  and  lead,  and 
includes  drawing  in  and  jointing.  It  is  by  no  means  a  high  price. 
Professor  Jamieson  tells  us  that  the  method  I  have  described  for  com- 
pensating voltmeters  as  due  to  Crompton  and  Ashley  did  not  originate 
with  them.  I  believe,  however,  they  took  out  the  original  patents. 
Answering  the  remarks  on  the  applicability  of  the  methods  described 
to  power  and  traction  schemes,  I  would  say  that  an  exact  regulation 
of  the  feeding-point  voltage  on  tramway  systems  is  not  at  all  essential 
The  reference  made  in  the  paper  to  power  systems  applies  to  such  as 
include  the  driving  of  motors  of  cotton-spinning  machinery  and  such 
like  where  an  exact  and  constant  speed  is  of  the  utmost  importance. 
Professor  Jamieson  further  remarked  that  the  different  temperature 
coefficients  of  the  series  resistances  R,  R„  etc.,  and  of  the  line  w*ould 
produce  errors.  It  is  evident,  however,  that  since  we  are  compensating 
the  voltmeter  for  a  quantity  of,  say,  not  more  than  lo  per  cent  of  the 
total  measurement,  a  small  percentage  of  this  compensation  becomes 
negligible.  If  wc  want  to  be  very  exact  we  can  dispense  with  R,  R„ 
etc.,  altogether  by  using  a  portion  of  the  cable  itself  and  running  a 
pilot- wire  back,  say,  from  the  first  junction-box  along  the  route. 
Regarding  the  losses  that  occur  in  R„  R,,  Rj,  etc.,  I  mentioned  in 
the  paper  that  for  heavy  currents  the  drop  along  these  resistances 
might  be  reduced  to,  say,  o*i  volt  at  full  load.  This  is  about  the 
order  of  loss  in  the  ordinary  ammeter  shunts  used  for  switchboards 
and  consequently  the  feeder  ammeter  shunts  might  quite  well  be 
employed  for  the  compensating  voltmeters  (adjusting  r,  and  r, 
suitably),  so  that  no  added  loss  by  the  inserted  resistances  would 
then  occur. 

I  do  not  understand  the  difficulty  of  making  a  condenser  to  with- 
sUnd  a  pressure  of  30,000  volts  in  the  manner  I  have  described.  There 
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is  certainly  no  diaK^ty  zn  -t^ax-— r  gcco^tri  ntsc-iirccs  to  mith^tiEsl  ihxs  ^^-  'P^'**- 
voltage,  and  if  a  c»mt5pcoti:iLa[tT  liici  siib  be  i»ed  tor  the  cocKKraser 
no  difficulty  shook!  be  ex|?ericsiced. 

Mr.  McWhiiter  sfufce  abcc:  my  pcefcreiicc  for  Weseoo  iikstnunent^ 
I  think  I  pointed  cat  that  vx  racthccts  dealt  with  in  ibe  paper  ane 
a.pplicakle  osing  any  type  ot  ^eit^liie  instroments  without  coa>tn»c- 
tional  modtficatioQS  of  any  kind.  AH  that  ts  ncocssary  is  a  readjosl* 
inent  of  resistances. 

Replying  to  Protestor  Mactean.  I  vc<ikl  say  that  if  R,  R^  etc^  are 
not  exactly  right,  no  very  great  trror  is  introduced.  The  voltmeter 
readings  will  merely  compensate  for  the  drop  in  a  line  a  little  k>n|^  or 
a  little  shorter  than  the  actual  one.  It  is  not  at  all  necessarv  to  cali- 
brate  the  instruments  im  s/m.  A  sporioos  line  circuit  having  the  correct 
feeder-resistance  is  made  up  in  tiie  laboratoiy  and  connected  to  the 
instrumentt  which  is  easily  cahbrated  under  these  conditions  and  the 
series  resistances  perfectly  adjusted.  The  series  resistances  are  pre* 
cisely  similar  to  those  supplied  with  Weston  ammeters,  and  therefore 
do  not  involve  any  greater  energy  losses  than  do  these  ammeters 
which  are  in  very  common  use. 
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ORIGINAL   COMMUNICATION. 


NOTE   ON    RESONANCE   WITH   ALTERNATING 

CURRENTS. 

By  Alexander  Russell,  M.A.,  Member. 

Although  the  effects  of  resonance  in  alternating  current 
circuits  have  been  well  known  for  many  years,  it  is  only 
recently  that  it  has  been  proposed  to  utilise  these  effects  for 
testing  and  other  purposes.  Rosa  and  Smith*  have  utilised 
the  rise  of  pressure  due  to  resonance  to  measure  more 
accurately  the  losses  in  a  condenser.  Lodge^  makes  use  of 
it  in  his  system  of  space  telegraphy.  Duddell  has  recently 
utilised  a  resonant  circuit  to  get  high  frequency  alternating 


{ 


Fig.  I. 

currents  from  the  direct  current  arc  between  hard  carbons. 
It  has  often  been  proposed  also  to  utilise  the  resonance  of 
currents  in  divided  circuits,  so  as  to  raise  the  power-factor 
of  the  mains.  It  is  therefore  of  importance  that  electricians 
should  have  clear  ideas  on  this  subject. 

The  sine  curve  theory  is  fairly  satisfactory  when  only 
used  as  a  rough  guide  to  what  happens  in  practice,  but 
there  are  many  important  cases  where  phenomena  happen 
which  it  completely  fails  to  explain.  In  what  follows  I  have 
attempted  to  till  up  this  gap  in  the  theory  mainly  by  con- 
sidering numerical  examples  to  show  what  we  might  expect 
when  the  wave  is  not  shaped  like  a  sine  curve. 

Consider  an  inductive  coil  (Fig.  i)  in  series  with  a  con- 
denser, and  suppose  that  an  alternating  P.D.  is  applied  to 
the  terminals  A  and  C.  If  the  wave  of  P.D.  be  sine  shaped, 
then  it  is  easy  to  find  the  P.D.'s  between  A  and  B  and  be- 

»  Phys,  Rev.  8.  pp.  1-20,  1899  ;  Science  Abstracts,  vol.  ii.,  p.  243. 

•  f^"     '    "*"    '"'Hution  ofBlcctncat  Engineers,  vol.  xxvU.,  p.  799, 
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tween  B  and  C.  Let  the  coil  have  a  resistance  R  (ohms) 
and  an  inductance  L  (henries)  and  let  the  capacity  of  the 
condenser  be  K  (farads).  Now,  by  a  well-known  rule,  we 
can  replace  the  condenser  by  a  coil  whose  resistance  is 
zero  and  self-inductance 


K(2ir/)- 

where /is  the  frequency  of  the  alternating  current.  Hence 
if  C  be  the  current  and  V,  V,  and  Va  the  P.D.'s  between 
A  and  C,  A  and  B,  and  B  and  C  respectively,  then  by  the 
ordinary  impedance  formula, 


C^  = 


^^"^(^--^W^-KC^J 


^ VV 

I 
(2  7r»~K2 

=  — X?l_ 

Hence  Vj  and  Va  are  found  in  terms  of  V. 
Resonance  occurs  when 


In  this  case 


LK(2,r/)^=i 


R 


V 


2  7r/KR 
]R-f(25/)^^ 

Va-  ^  V 

In  this  case  V  equals  CR  and  the  power  factor  is 
unity. 

When  the  applied  P.D.  wave  is  not  sine  shaped  the 
formula?  become  very  unwieldy.  Instead,  however,  of 
solving  this  problem,  we  have  considered  the  much  simpler 
case  of  how  the  pressures  across  the  condenser  and  choking 
coil  terminals  vary  with  the  shape  of  the  current  wave. 
We  are  thus  enabled  to  utilise  some  of  the  results  given  in 
the  Journal,  vol.  xxix.,  p.  154. 
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Resonance  of  EM.F's. 

Let  e,  ei  and  e^  be  the  instantaneous  values  of  the  volts 
l^etween  A  and  C,  A  and  B,  and  B  and  C  respectively,  and 
let  /  be  the  instantaneous  value  of  the  current,  then — 

e:=Ri  +  ei  +  e2 (i) 


/■■ 


dt 


T     ^*  /    \ 

''=^3t <3) 

Now  if  we  suppose  that  there  is  no  loss  in  either  the  con- 
denser or  the  choking  coil,  then  by  squaring  (i)  and  taking 
mean  values  we  get — 

V^  =  Ra  Ca  H-  Vi^  H-  Va^  -I-  2  V,  Va  cos  ^     .     .    (4) 

where  C   is  the  effective  value  of  i  and   <f>  is  the  phase 
difference  between  ei  and  ^j,. 
By  definition — 

-ijs  \     6162  dt 

•'o 
cos^  =  -       V7V.   ~ 

From  (2)  and  (3) — 


if*     ^,,      Kh  C       rf2<fi   ,. 


_KL     de^        KL  I     /de^\'., 

o  ''o      - 

-      LC 
~        K 

•'•  »-os  ^  =  -  Tr^j-prr (5) 


KV,V 


a 


Now  the  relations  between  V,  and  C  ^nd  betAveen  Va 
and  C  can  be  expressed  as  follows  : — 


a 


C  =  aV.K/andC  =  J^^ 


wbr-     -    -■      are  constants  that  depend  on  the  shape  of 
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the  current  wave.    Substituting  these  values  of  V,  and  Va 
in  (5)  we  find  that — 

cos^=-^ (6) 

Hence  substituting  in  (4) — 

S=R'  +  ^  +  /3"LV— 2^   ...    (7) 

This  is  the  formula  that  gives  us  the  impedance  of  the 
circuit  A  C  (Fig.  i)  when  we  know  the  shape  of  the  current 
wave. 

Numerical  Examples. 

For  a  sine  curve  a  =  /3  =  2  tt  and  ^  is  180^. 

.For  a  parabolic  current  wave  a^2hj — ,  /3  =  V40 

and  ^  =  1730  46'. 

For  a  triangular  current  wave  a  =  V40,  /3  =  ^48  and 

0  =  155°  54'- 

In  (7)  if  we  suppose  K  infinite  it  is  the  same  as  short 

circuiting  the  condenser/  and  we  find  the  following  expres- 
sions for  the  impedance  I  of  an  inductive  coil  (R,  L). 
For  a  parabolic  current  wave — 

l2=  Ra  -j.  1-013  (2  Try  L)2 

For  a  triangular  current  wave — 

I2  —  R2  ^,  1.216  (2  7r/L)a 

It  is  to  be  noted,  however,  that  when  the  shape  of  the 
applied  P.D.  wave  is  fixed,  the  impedance  can  only  be  ex- 
pressed in  the  form  VR^  H-  7  (2  ^/L)^  where  7  is  a  constant 
in  a  special  case.  In  general  it  is  a  very  complicated 
function  of  R,  L  and  F.^ 

When  the  circuit  (Fig.  i)  is  adjusted  for  resonance 

(2ir/)2LK  =  i 
In  this  case  (7)  becomes-^ 

'  The  Electrical  Review,  soX.  -xlv.  p.  744,  "The  Current  Produ:ed  in  an 
Inductive  Coil  by  a  Parabolic  Wave  of  E.M.F." 
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For  a  parabolic  current — 

l2=  Ra  H-  0-0119  (2  7r/L)2 

For  a  triangular  current — 

I2  =  R2  ^,  0-2028  (2  7r/L)2 

It  is  easy  to  see,  geometrically,  the  values  that  V,  and  Vj 
can  have  for  a  given  applied  voltage,  and  for  a  given  shape 
of  the  current  wave.  In  order  to  avoid  solid  geometry  we 
will  suppose  that  the  resistance  of  the  circuit  is  zero.  In 
Fig.  2,  if  O  A  be  the  vector  representing  the  condenser 
voltage,  and  O  B  represent  the  choking  coil  voltage,  then 
the  diagonal  O  C  of  the  parallelogram  constructed  on  them 
as  adjacent  sides  gives  the  effective  value  of  the  applied 
voltage.  The  larger  the  angle  BOA,  that  is,  the  more 
nearly  the  current  wave  approaches  the  sine  curve  in  shape, 


KiG.  2. 


the  smaller  is  the  ratio  of  the  resultant  to  its  components, 
and  hence  the  larger  are  the  effects  due  to  resonance. 

Suppose  (Fig.  3)  that  O  P  represents  the  magnitude 
of  the  voltage  applied  to  the  circuit  shown  in  Fig.  i. 
Suppose  also  that  the  shape  of  the  voltage  wave  is  altered 
as  the  capacity  or  the  inductance  is  altered,  so  that  the 
current  wave  has  always  the  same  shape,  then  the  con- 
denser P.D.  vectors  can  be  measured  along  O  A  and  the 
choking  coil  P.D.  vectors  along  O  B,  the  angle  BOA 
remaining  constant.  If  P  R  and  P  L  be  parallel  to  O  B 
and  O  A  respectively,  then  O  R  will  be  the  condenser 
voltage  and  O  L  the  choking  coil  voltage  corresponding  to 
the  applied  voltage  O  P. 

Suppose  that  the  voltage  applied  to  the  circuit  is  kept 
constant,  then  the  locus  of  P  is  a  circle.  When  the 
capacity  is  zero  P  is  on  O  A.     As  the  capacity  increases,  the 
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^^1 


P.D.  across  the  terminals  cf  Ae  conder 
attains  its  maximum  val::e  O  S  when  rhe 
right  angle.     In  this 


increases  and 
:>  Q  O  B  is  a 


Va  =  —  V:  GO'S 

.-.  K  L  ;^y>  =  I    .    .    . 


(^) 


Again,  the  choking  coil  voltage  V,  attains  its  maximum 
value  when  the  angle  A  O  S  is  a  right  angle,  and  in  this 
case — 

KL(./>-=i (9) 

^^  * 

The  maximum  value  of  either  V,  or  V,  is — 

—  i^.  \  —7-    ^ 

sin  f  X , 


'3^-a- 


Fig.  3. 

Substituting  in  this  formula  the  values  of  a  and  |3  given 
above  for  parabolic  and  triangular  w^ves,  we  find  that  for 
a  parabolic  current  wave  the  maximum  possible  value  of 
the  condenser  voltage  is  9*22  V,  where  V  is  the  applied 
voltage.  Similarly  for  a  triangular  current  wave  the 
maximum  value  of  the  condenser  voltage  is  2*45  V. 

For  very  distorted  waves  then  it  will  be  seen  that  the 
danger  of  getting  excessive  voltages  from  resonance  is  not 
nearly  as  great  as  for  approximate  sine  waves. 

A  resonant  circuit  can  only  have  a  poiver-factor  oj  unity 
when  the  shape  of  the  applied  P.D,  wave  is  a  sine  cnn%\ 

It  is  proved  in  the  Electrician  for  Nov.  3,  1899,  p.  49, 
that  the  poweilJictor  of  a  circuit  can  only  be  unity  when 


.  is  constant  at  every  instant.     If  the   resistance   of  the 
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circuit  is  constant  then  this  ratio  eqoals  R,  and  bence  trom 

(I),  (2),  and  (3) 


di      I ' 


dt 


.%  /  =  A  sin  (^~-  -h  B j 


where  A  and  B   are   constants  and  T   equals    2t  V  LK- 
Hence  since  ^  =  R  z  the  applied  P.D»  wave  is  also  a  sine 

curve. 


Since 


C=«Vxi^=    ^^ 


0L/ 


Now  when  the  circuit  is  adjusted  for  resonance 

KL(2x/)«  =  i 
Hence 

k-'^ <■») 

The  ratio  of  Vj  to  V^  is  a  measure  of  how  much  the 
current  wave  differs  from  a  sine  wave.  If  this  ratio  equals 
unity,  the  current  wave  is  a  sine  curve,  and  the  smaller  the 
ratio  the  more  distorted  is  the  current  wave. 

In  Fig.  4  we  have  supposed  that  the  curve  (I),  which  is 
a  parabola,  represents  the  shape  of  the  wave  of  current 
Ei  gives  the  shape  of  the  wave  of  P.D.  at  the  terminals  of 
the  condenser,  and  it  is  very  similar  to  a  sine  curve.  K^  is 
the  wave  of  P.D.  at  the  terminals  of  the  choking  coil,  and  is 
triangular  in  shape.  E  is  the  wave  of  applied  P.D.  required 
to  produce  a  parabolic  current,  and  it  will  be  seen  that  it  is 
a  peaky  wave,  very  different  from  a  sine  curve.  The 
diagram  illustrates  the  general  theorem  that  except  when 
the  applied  P.D.  wave  is  a  sine  curve,  the  wave  of  P.D. 
across  the  choking  coil  terminals  is  much  more  distorted 
from  the  sine  shape  than  the  wave  of  P.D.  across  the 
terminals  of  the  condenser. 

-^  of  Currents. — If  we  have  (Fig.  5)  a  condenser 
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(K)  shunted  by  a  choking  coil.(L),  then  in  certain  cases 
the  current  in  the  main  can  be  very  small  compared  to 
either  the  choking   coil    or   condenser  current.     Let  e,  it 
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Fig.  4. 

and  I'a  be  the  instantaneous  \'alues  of  the  P.D.,  the  current 
in  the  condenser  and  the  current  in  the  choking  coil, 
then — 


nnrTm 


4: 


> 


Hence — 


;x  =  K  L 


FlO.  5. 

df' 


Now  if  Ci  and  Ca  be  the  effective  values  of  ii  and  I'a  we 
know  that — 

C,  =  o  V  K/and  C,  =  g^ 

where  a  and  /3  are  constants  depending  on  the  shape  of  the 
wave  of  P.D.    Values  of  a  and  /3  for  many  curves  are  giv 
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in  the  Jourtialf  vol.  xxix.,  p.  154.  If  f  be  the  phase  dif- 
ference between  the  vector  values  of  1*1  and  I2  then  it  is  easy 
to  show  as  before  that — 

K     V» 


cos  ^  =    —    =:- 


L  C,C 


2 


a 

Hence  ^  only  depends  on  the  shape  of  the  wave  of  the 
applied  P.D.  For  very  distorted  waves  ^  is  not  much 
greater  than  90  deg. 

In  Fig.  3,  if  O  B  represent  the  condenser  current  and 
O  A  the  choking  coil  current,  then  O  C  will  give  the  current 
in  the  main.  If  the  capacity  of  the  condenser  is  fixed,  then 
the  minimum  value  of  the  main  current  is  Ci  sin  ^,  and  if 
C2  be  the  choking  coil  current,  then  in  this  case 

C2  =  —  Ci  cos  ^ 
.•.KLO/)«=i (II) 

If  the  inductance  of  the  choking  coil  be  fixed,  then  the 
minimum  value  of  the  current  in  the  main  is  C2  sin  f,  and 
it  has  this  value  when, 

KL(a/)»=i (12) 

Numerical  Examples. 

1.  Eor  a  sine  wave,  ^  is  180  deg.  and  the  main  current 

is  zero  when 

KL(2  7r/)2  =  i. 

2.  For  a  parabolic  wave  <f>  is  173°  46',  and  if  the  con- 
denser current  is  constant  and  equal  to  Ci  the  minimum 
value  of  the  current  in  the  main  is  o'io86  C,  and  it  has  this 

value  when 

I'ooi  KL  (2  7r/)^  =  I. 

Similarly  if  the  current  |in  the  choking  coil  (C2)  be  kept 
constant,  the  minimum  value  of  the  main  current  is 
o'io86  C2,  and  it  has  this  value  when 

1-013  KL(2  7r/)2=  I. 

3.  For  a  triangular  wave  ^  is  155°  54'.  When  the  con- 
denser current  varies  the  minimum  value  of  the  main  current 
is  0*4083  Ci,  and  in  this  case 

i"0l3KL(2  7r/)2=  I. 
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When  the  choking  coil  current  varies,  the  minimum  value  of 
the  main  current  is  0*4083  C2,  and  we  then  have — 

i-2i6K  L(2  7r/)a=  I. 

Test  for  distortion  of  P.D.  wave. — If  a  condenser  shunted 
by  a  choking  coil  be  adjusted  so  that — 

K  L  (2  7r/)»  =  I 
then 

C2      47r2 

• 

When  C,  is  equal  to  Ca  the  applied  P.D.  is  sine-shaped, 
and  the  greater  this  ratio  the  more  distorted  from  the  sine 
shape  will  be  the  wave  of  P.D.  Also  if  C  be  the  current  in 
the  main,  the  smaller  C  is  compared  to  either  Ci  or  Ca,  the 
nearer  is  the  shape  of  the  applied  wave  to  that  of  a  sine 
curve. 

Conclusions. — 
(i)  The  power-factor  of  a  resonant  circuit  can  only  be 
unity  when  the  applied  P.D.  wave  is  sine-shaped. 

(2)  The  rise  of  pressure  in  a  resonant  circuit  depends 

on  the  shape  of  the  current  wave.  If  the  ohmic 
resistance  of  the  choking  coil  and  leads  is  negli- 
gible, the  maximum  pressure  across  the  condenser 
would  be  infinite  for  a  sine  wave,  9*22  times  the 
applied  pressure  for  a  parabolic  wave,  and  2*45 
times  the  applied  pressure  for  a  triangular  wave. 

(3)  If  we  vary  the  inductance  of  the  choking  coil,  then 
the  pressure  across  the  condenser  terminals  is  a 
maximum  wh^n  K  L  (/3/)*  equals  unity,  where  /3 
is  a  constant  that  depends  on  the  shape  of  the 
current  wave.  The  minimum  value  of  j3  is  2  tt, 
and  it  has  this  value  for  a  sine  wave. 

(4)  If  we  shunt  a  choking  coil  with  a  variable  con- 
denser, then  the  minimum  current  in  the  main  is 
got  when  K  L  (a/)^  equals  unity,  where  a  is  a 
constant  that  depends  on  the  shape  of  the  P.D. 
wave. 

When  the  P.D.  wave  is  sine-shaped  a  equals  2  7r 
its  minimum  value. 


606  RUSSELL:  NOTE  ON   RESONANCE. 

(5)  A  condenser  and  a  choking  coil  whose  magnitudes 

are  connected  by  the  relation 

L  K  (2  ir/)2  =  I 

can  be  used  as  follows  to  test  how  much  the 
applied  P.D.  wave  varies  from  the  sine  shape. 
Connect  them  in  parallel  and  let  the  current  in  the 
main  be  C,  in  the  condenser  Ci,  and  in  the  choking 
coil  Ca.  Then  the  smaller  the  ratio  of  C  to  either 
Ci  or  Ca  the  more  nearly  does  the  form  of  the  wave 
approach  the  sine  shape.  If  Ci  equals  Ca,  then  the 
P.D.  is  sine-shaped,  and  the  greater  the  ratio  of  Ci 
to  Ca  the  more  distorted  the  wave, 

(6)  If  the  condenser  and  the  choking  coil  be  connected 

in  series,  and  if  L  K  (2  irfY  equals  unity,  then  if 
the  voltage  across  the  choking  coil  (Va)  be  equal 
to  the  voltage  across  the  condenser  (Vi)  the  current 
wave  is  sine-shaped.  The  greater  the  ratio  of  Va 
to  Vj,  the  more  distorted  will  be  the  current  wave. 
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